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Abstract 
This study is about young adolescents’ engagement in learning science. The middle 
years of schooling are critical in the development of students’ interest and 
engagement with learning. Successful school experiences enhance dispositions 
towards a career related to those experiences. Poor experiences lead to negative 
attitudes and rejection of certain career pathways. At a time when students are 
becoming more aware, more independent and focused on peer relationships and 
social status, the high school environment in some circumstances offers more a 
content-centred curriculum that is less personally relevant to their lives than the 
social melee surrounding them. Science education can further exacerbate the 
situation by presenting abstract concepts that have limited contextual relevance and a 
seemingly difficult vocabulary that further alienates adolescents from the curriculum. 
In an attempt to reverse a perceived growing disinterest by students to science 
(Goodrum, Druhan & Abbs, 2011), a study was initiated based on a student-centred 
unit designed to enhance and sustain adolescent engagement in science. The premise 
of the study was that adolescent students are more responsive toward learning if they 
are given an appropriate learning environment that helps connect their learning with 
life beyond the school.  
 
The purpose of this study was to examine the experiences of young adolescents with 
the aim of transforming school learning in science into meaningful experiences that 
connected with their lives. Two areas were specifically canvassed and subsumed 
within the study to strengthen the design base. One area that of the middle schooling 
ideology, offered specific pedagogical approaches and a philosophical framework 
that could provide opportunities for reform. The other area, the construct of scientific 
literacy (OECD, 2007) as defined by Holbrook and Rannikmae, (2009) appeared to 
provide a sense of purpose for students to aim toward and value for becoming active 
citizens.  
The study reported here is a self-reflection of a teacher/researcher exploring practice 
and challenging existing approaches to the teaching of science in the middle years of 
schooling. The case study approach (Yin, 2003) was adopted to guide the design of 
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the study. Over a 6-month period, the researcher, an experienced secondary-science 
teacher, designed, implemented and documented a range of student-centred 
pedagogical practices with a Year-7 secondary science class. Data for this case study 
included video recordings, journals, interviews and surveys of students. Both 
quantitative and qualitative data sources were employed in a partially mixed methods 
research approach (Leech & Onwuegbuzie, 2009) dominated by qualitative data with 
the concurrent collection of quantitative data to corroborate interpretations as a 
means of analysing and developing a model of the dynamic learning environment. 
 
The findings from the case study identified five propositions that became the basis 
for a model of a student-centred learning environment that was able to sustain 
student participation and thus engagement in science. The study suggested that 
adolescent student engagement can be promoted and sustained by providing a 
classroom climate that encourages and strengthens social interaction. Engagement in 
science can be enhanced by presenting developmentally appropriate challenges that 
require rigorous exploration of contextually relevant learning environments; 
supporting students to develop connections with a curriculum that aligns with their 
own experiences. By setting an environment empathetic to adolescent needs and 
understandings, students were able to actively explore phenomena collaboratively 
through developmentally appropriate experiences. A significant outcome of this 
study was the transformative experiences of an insider, the teacher as researcher, 
whose reflections provide an authentic model for reforming pedagogy. The model 
and theory presented became an adjunct to my repertoire for science teaching in the 
middle years of schooling.  
 
The study was rewarding in that it helped address a void in my understanding of 
middle years of schooling by prompting me to re-think the notion of adolescence in 
the context of the science classroom. This study is timely given the report “The 
Status and Quality of Year 11 and 12 Science in Australian Schools” (Goodrum, 
Druhan & Abbs, 2011) and national curricular changes that are being proposed for 
science (ACARA, 2009). 
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Chapter 1:    Introduction 
1.1.     Preamble 
The problem that this study addresses relates to the perception of student 
disengagement in science within the middle years of schooling. The middle years of 
schooling are a critical phase in the development of students’ interest and 
dispositions towards a career. Successful school experiences enhance dispositions 
towards a career related to those experiences. Poor experiences lead to negative 
attitudes and rejection of certain career pathways.  
 
Internationally, there has been accumulating evidence that students are being turned 
off science and related areas of technology, engineering and mathematics. For 
instance, the Organisation for Economic Cooperation and Development (OECD) has 
presented data that show declines in the percentages of students studying Science, 
Technology, Engineering and Mathematics (STEM), and recommended that 
governments take action to make science and technology studies more attractive to 
students (OECD, 2006). Other studies reinforce the perception that contemporary 
youth are less interested in STEM related careers either in Australia (Ainley, Kos, & 
Nicholas, 2008; Barrington, 2006; Harris, Jensz & Baldwin, 2005; Federation of 
Australian Scientific and Technological Societies [FASTS], 2002) or internationally 
(OECD, 2009; Reiss, 2007; Sjoberg and Schreiner (ROSE), 2005).   
 
In Australia a recent report (Goodrum, Druhan & Abbs, 2011) highlighted that senior 
high school students have abandoned science in “staggering” numbers over the past 
decade. This follows on from Goodrum, Hackling and Rennie’s (2001) earlier report 
that drew attention to the poor quality of science teaching in Australia. These reports 
suggest an improvement in the quality and interest of science education for years 7 to 
10 is vital to encourage students to select science courses in the senior years and their 
chosen careers. 
 
Given this context, the question arises as to what can be done to identify causes of 
disengagement, and to reverse a decline in student interest, specifically in science. 
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The issues around the engagement of young adolescents in schooling are complex 
and reasons they might reject science and related disciplines are equally complex. 
Explanations that have been provided conclude middle years classrooms can seem 
overly reliant on a transmissive pedagogy and de-contextualised content (Goodrum, 
Hackling & Rennie, 2001; Hanrahan, 2003; Lemke, 1990; Shamos, 1995; Symington 
& Tytler, 2003; Tytler, 2007) and can be influenced by past experiences within the 
context of the (science) classroom (Ainley & Ainley, 2011). The focus of this study 
is how a teacher can engage students in learning science. 
 
The study reported here is a self-reflection as a teacher/researcher exploring my 
practice by challenging my existing approaches to the teaching of science in the 
middle years of schooling. As a secondary school teacher of 32 years’ experience, I 
was becoming more aware of lessening interest among students of my classes in 
science. Students I considered competent science students were choosing the 
humanity subjects over science in the senior years. I wanted to examine the problem 
from a more pragmatic standpoint not only reflecting on my teaching practice but 
also enlist student perspectives of science classroom practice in an attempt to reverse 
the growing disinterest in my science classes and those of my colleagues.  
 
Initially, during an exchange teaching program in North America, I was introduced 
to, and influenced by the middle school philosophy and the concept of scientific 
literacy. In particular, the middle school philosophy offered specific pedagogical 
approaches and a theoretical framework that could provide opportunities to reform 
practice rather than perpetuate a classroom environment that would exacerbate risk 
for student engagement. The construct of scientific literacy (OECD, 2007) appeared 
to provide some sense of purpose for students to aim at and see as of value for 
becoming “functional citizens” (Holbrook & Rannikmae, 2009).  
 
Subsequently, for this research a student-centred unit was designed toward 
enhancement and sustaining adolescent engagement in the context of science 
education (Bahr & Pendergast, 2006; Carrington, 2006; Prosser, 2006; Stevens, 
Hunter, Pendergast, Carrington, Bahr, Kapitzke, & Mitchell, 2007). From this 
research, I argue that adolescent students are more responsive toward learning if 
given an appropriate learning environment and goals which connect their learning 
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with life beyond the fences of the school yard. The learning environment is 
considered to be the organisational structure of the classroom, the resources made 
available, the activities presented and the style of assessment of student 
understandings. The goal was to provide a student-centred learning environment that 
sustains student engagement and motivation towards science.    
 
1.1.1.     Contemporary science education 
Contemporary thought on science education draws heavily on the proposition of 
scientific literacy (Fensham, 1985; Goodrum et al., 2001). In general a scientifically 
literate individual has a propensity toward lifelong learning. Lifelong learning can be 
developed through a functional understanding of scientific concepts and the ability to 
apply that knowledge to making decisions about personal and societal problems 
(Lederman & Lederman, 2012). 
 
There is evidence that in science education, the intended curriculum and the 
implemented curriculum do not always align (Tytler, 2007). Teacher-centred 
practices that focus on the teacher transmitting decontextualised knowledge, 
separating the social aspects from the cognitive perspectives of learning may 
encourage a less favourable learning environment that does not stimulate an interest 
in science (Hudson & Kidman, 2008). As a result, an educator’s instructional styles 
may become “neither relevant nor interesting” to many “disenchanted” and “bored” 
secondary students (Goodrum, Hackling & Rennie, 2001; Hanrahan, 2003; Hodson, 
2003; Tytler, 2007).  
 
An alternative approach that has its origins in the views of Dewey (1938), Carl 
Rogers (1983) and many other eminent scholars of education including Piaget, 
(1973) and Vygotsky, (1931/1986) is the notion of student-centred learning. Rogers 
(1983) argued that there needs to be a shift in power from the expert teacher to the 
student learner. Where the power lies with the teacher he claimed that students 
become passive, apathetic and bored. A re-emphasis on a student-centred focus that 
acknowledges the need for deep understanding, active engagement and an increased 
sense of autonomy in the student, can stimulate student interest and may contribute 
toward a remediation of the problem identified above. At issue here is how teachers 
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can provide the scaffolds that enable students to engage actively and deeply in 
learning and not fail to invoke the affordances provided through a more democratic 
learning environment. This requires a re-conceptualisation of the middle years’ 
classroom. Before examining the re-conceptualization of the classroom I will briefly 
discuss the existing middle school philosophy and my experiences with it.  
 
1.1.2.     The middle school philosophy 
Precursors to middle schooling in the early 20th century have been attributed to a 
growing influence of psychology on education through an interest in student 
developmental needs (Prosser, 2006). Contemporary middle school reforms in the 
US are proposed by Prosser (2006) as two areas of focus or renditions. The first, the 
Turning Points paper (Carnegie Council, 1989) in the late 1980s, identified a 
mismatch between student needs and school/curriculum, student alienation and poor 
quality teaching as areas of concern. The second area of focus placed an emphasis 
more so on the student as the centre of meaning making (Beane, 2001). Turning 
Points identified key practices that have subsequently been adopted, focusing on 
organisational and structural changes. In the US, Beane (2001) cited little has been 
achieved in the improvement of learning under the middle school philosophy, and 
that this ideology is driven by economic rather than educational interests; the middle 
schooling philosophy being underpinned by specific physical structures which 
include separate buildings and student groupings, teams of teachers that administer 
teaching and welfare to small groups of students. Although the Turning Points report 
continues to shape the content of most middle years initiatives in the US according to 
Prosser et al. (2008) middle schooling is said to be in a state of “arrested 
development” and under threat from standardisation and performance testing.  
 
In the Australian context, middle schooling reform adopted approaches from the US 
that embraced constructivism as a theoretical referent, emphasising adolescent needs 
as a focus and student-centred practice as a means of ameliorating the problem of 
adolescent disengagement with learning (Prosser, 2006). Toward achieving student 
engagement with learning, the contemporary view of middle schooling in Australia 
has focused on the development of a more rigorous and engaging curriculum 
emphasising intellectually demanding pedagogy (Luke et al., 2003). One criticism of 
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the adoption of middle school principles in Australia is thought to be the emphasis 
on student needs prompting adolescence to be constructed from a deficit view of the 
“at risk” adolescent (Carrington, 2006) by promoting an emphasis on behavioural 
management practices (Prosser, 2006). Stevens et al. (2007) points out, there is a 
historic legacy of adolescents being portrayed as “unruly youth” which has been 
used to legitimise a focus on the middle years school reform as risk management.  
 
Stevens et al. (2007) highlight that Western epistemologies of adolescence have 
evolved as a social construct over time and are viewed through a singular lens as 
“knowable and therefore controllable” (p. 119). For middle schooling to remain 
relevant, Bahr and Pendergast (2006) suggest in the Australian context we as 
teachers should re-think the notion of adolescence. Instead of trying to create a 
homogeneous profile of adolescence, adolescents should be seen as a positive 
valence, having unique characteristics associated with global communication skills. 
Bahr and Pendergast (2006) further suggest we view adolescence more subjectively 
as a process or a passage instead of an identity. Within the context of middle years 
schooling Bahr and Pendergast (2006) advocate the student-centred pedagogical 
practices of teamwork and collaborative teaching to be more relevant to individual 
and social development and preparing adolescents toward the possibility of life-long 
learning.  
 
In science education Tytler (2007) sees value incorporating middle school 
pedagogical principles into the science curriculum to help ameliorate student 
disinterest and proposes learning environments should incorporate these middle 
school pedagogical initiatives to alleviate the “crisis in science”. These middle 
school pedagogical initiatives incorporated intellectual challenge, associated with 
exploration, questioning, and subsequent discussion of scientific ideas presented. 
Middle schooling pedagogical principles are addressed in detail in section 2.3.1  
 
Tytler (2007) cited components of middle school reform from the Victorian Middle 
Years Research and Development (MYRAD) (Victorian Department of Education 
and Training, 2002). These components included incorporating challenges to 
students to deepen understandings through emphasising exploration and questioning 
within classroom environment that allows students to feel comfortable with their 
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learning. These classroom environments should further cater for individual student 
interests and needs emphasising active engagement of students with their learning; 
learning being continually monitored, and feedback assisting future planning. Middle 
school pedagogical principles would facilitate the more student-centred practices of 
active student involvement in the process of scientific understanding; exploring and 
being challenged to use scientific ideas collaboratively in more relevant 
environments.  
 
1.1.3.     The personal experience 
My experience as a secondary science teacher in a high school had enculturated me 
to think of the incoming year seven students as part of a continuum, or a linear 
transformation; a slow evolution toward the senior years and beyond, a “natural” 
transition. In the past I was able to dictate my class allocations (predominantly years 
9-12) as a specialist subject teacher; my preference was not to teach year seven 
students, believing them to be difficult to keep motivated and engaged. The goal 
when teaching these incoming adolescent students seemed primarily to “control” 
them as they learnt ostensively “the way science works”. Middle year’s research 
suggests that the transition from elementary school to high school can be a most 
“potent” event for adolescents (Bahr & Pendergast, 2006) which can lead to a feeling 
of disconnectedness that is capable of translating into a diminished capacity to learn. 
Viewing the middle years of schooling from a new perspective proved incisive 
toward my epistemological understandings of adolescent learning.  
 
After completing a teacher exchange in the US in 2001, I came to appreciate the 
advantages of the US three-tiered schooling system in the district in which I had 
worked, compared to the Australian two-tiered schooling system. My experience of 
the US middle school environment was that it was far less intimidating for the 
students, teachers and administrators. Lipsitz, Mizelle, Jackson and Austin (1997) 
noted that in the US many middle schools were “warmer, happier, and more peaceful 
places for students and adults” (p. 535). This middle school environment was 
certainly a pleasant environment to work in, where the student body was perceived 
more as a community of young people rather than adolescents at risk.  
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My US middle school experience was nevertheless based on firm management via 
teacher and administrative authority. The ‘structural integrity’ of the middle school 
philosophy was adhered to by a physical environment that emphasised middle 
schooling practices including: small class sizes, welfare teams, advisement/study 
hall, and a culture of the smaller school within the school. Year groups were divided 
into two teams, each approximately 110 students (made up of six classes for each 
team, thus six teachers per team). The US middle schooling system that I 
experienced offered more opportunities for teachers to develop a rapport with the 
students; seeing some students more than once a day, for class, and on a more 
personal level at advisement/study hall. Scheduled team meetings (six teachers) 
offered another opportunity to discuss student welfare and academic progress of all 
students; included in these meetings was a welfare councillor. The year group teams 
within the middle school however, were segregated from one another physically, 
teams using different hallways, building levels and different lunch breaks. It seemed 
this segregation was more devised on a principle of management, rather than 
educational / welfare principles. Control in the classroom was maintained loosely by 
the threat of a change in the seating plan, a de-merit system that culminated in 
Saturday detention and, in the case of academic under-achievement, a summer 
school.  
 
My experiences of the US middle schooling environment may vindicate 
Chadbourne's (2001) elucidation, “whether middle schooling is distinguished more 
by structural than pedagogic considerations?” (p. 5). According to Chadbourne, 
(2001) administrators tend to be both economically and politically motivated, 
suggesting that middle schooling practices are encouraged by the administration to 
serve the imperatives of management; not necessarily serving the needs of 
adolescents. 
 
A problem Chadbourne (2001) recognised was that middle schooling reforms may be 
seen to have more an “ameliorative function…to simply cushion or ease the 
structural, curricular and pedagogical effects of the primary secondary divide” (p. 
81) rather than having any long term expectancies. From my experience, adolescent 
students should be offered an alternative educative pathway and the newer reforms 
of middle schooling in the Australian context purport to offer this (Bahr & 
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Pendergast, 2006; Carrington, 2006, Prosser et al., 2008). These newer reforms are 
more student-centred and offer more attention to the social and academic outcomes 
with an emphasis on pedagogy and curriculum rather than trying to ameliorate the 
deficit view of adolescents.  
 
The experience of a US middle school system was more rewarding than in the school 
community in which I work today. The high school community I work in has no 
predilection or thought of middle schooling except for the ephemeral complaining of 
teachers that year seven and eight seem to get worse every year and ask, “what do 
the primary teachers do down there?” From my experience with the angst associated 
with adolescent education, administrators are sometimes more apt to question the 
teacher’s ability in this complex environment; teachers tending to question their own 
credibility in the absence of mutual support. I would suggest one problem especially 
with less experienced teachers (in the past myself included), is that the curriculum is 
more likely to be interpreted from a content orientated perspective with a lesser 
consideration of the personal perspective of the students. In this case the content 
becomes the focus and direction of the curriculum and this could be a source of 
frustration and disinterest for both teacher and students. One potential approach was 
to challenge the traditional educational model that describes the adolescent science 
classroom environment.    
 
1.1.4.     An ecological metaphor  
Hodson (2003) suggested that the traditional Western approaches to scientific 
thinking were associated with a model of a simple linear chain of cause and effect. 
According to Gough (2011) education was modelled on similar lines, as 
simplifications of industrial systems based on a linear progression, the so called 
‘factory’ model of schooling. Students were perceived as raw materials (inputs), 
processed through classrooms and packaged into products (outputs) that conformed 
to the needs of a highly industrialised labour market. The teacher’s job was to impart 
rational knowledge and to this end some control was necessary (Shantz & Rideout, 
2003). Of learning in science, knowledge acquisition was the single prevailing 
metaphor and in some cases still is (Tytler, 2007).  
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The conceptualisation of adolescence would seem to have been constructed on the 
same lines as a “fixed, single entity” (Bahr & Pendergast, 2006) along a ‘naturally 
linear experience’ and understood through a ‘singular lens’ from a ‘deficit view’ 
(Stevens et al., 2007). Over the past few decades there has been a rapid transition 
from an industrial to an information based culture and economy (Bahr & Pendergast, 
2006) and an alternative view is proposed for both learning in science (Gough, 2011; 
Hodson, 2003) and adolescent learning in general (Stevens et al., 2007). This 
proposed view suggests that learning is systemic, generative and emergent through a 
complex educational process involving an interaction of people and contexts. If 
adolescent students are not to be further alienated, a more appropriate response 
within schools would suggest viewing learning as a more holistic process emanating 
from an interaction between the student, the teacher, and the learning environment; 
the subject in context. 
 
Vygotsky (1931/1986) proposed that adolescent thinking was not of a quantitative 
type but a qualitative complex view of learning associated with an interaction 
between the environment and the student. I propose a metaphor that suggests that 
there is a similarity between schooling and an ecosystem. Schools like ecosystems 
are complex systems and complexity offers an alternative to modelling education on 
the industrial model. Complex models of education do not assume knowledge and 
understanding exist as pre-existing objects, but rather emerge through the 
educational process (Gough, 2011; Klein, 2006).  
 
Lovelock (1988) used ‘Gaia’, the Greek name for Mother Earth as a metaphor to 
explain how the earth maintains a balance. Ecosystems are communities composed 
of abiotic (non-living) and biotic (living) components and are said to be regulated by 
the interrelationships between the biotic and abiotic components. I suggest that 
schools as learning communities, (in fact, all organisations), could also be conceived 
as ecosystems (Hanrahan, 2003; Lemke, 1990). In schools, the abiotic features 
would correspond to the context, for example, subjects, time tables, buildings and the 
curriculum, all features that are relatively stable within this framework. The biotic 
features, the dynamic component, include communities of students, teachers, 
administrators, parents and in turn connected to communities outside of the school 
environment.  
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In respect to the functioning of ecosystems, systems are classified by their processes 
as either closed or open. Closed ecosystems are internally regulated; materials 
including nutrients tending to stay in the system, to be re-cycled. Open ecosystems 
refer more so to the processes associated externalisation; inputs, (for example 
energy) derived from outside are systematically transformed within the ecosystem 
and eventually leave as outputs from the system. Open ecosystems are broader 
concepts in that they are associated with processes that incorporate inputs, outputs 
and the internal cycling of materials. 
 
Ecosystems are active adaptive systems that rely on interactions between the 
components via feedback mechanisms that perform a regulatory function to maintain 
harmony and health through diversity. However, these systems can be put at risk, 
disturbed or disrupted creating dis-harmony; for example, a loss of diversity can lead 
to a breakdown within the system. It has been suggested above that classrooms 
viewed from an industrial perspective where knowledge acquisition has primacy, 
infer more control and marginalisation of interaction between the participants, 
supporting a negative dichotomy; teachers versus students. This negative dichotomy 
could contribute toward mitigating a diversity of thought. In natural ecosystems a 
breakdown of diversity signals a degraded (dysfunctional) ecosystem. Dysfunctional 
ecosystems can become mono-cultures where one organism predominates leading to 
more energy and inputs necessary to remediate problems associated with 
degeneration.  
 
A contributory factor to a degraded system could be attributed to the poor nutritional 
status of a system. I propose that nutritional elements in ecosystems are analogous to 
certain human innate factors or needs provided by a sense of competence, autonomy 
and relatedness, found in social situations such as schools (Ryan & Deci, 2000). 
Although the elements of competence, autonomy and relatedness could be 
considered as internal processes more associated with closed systems (ecosystems). 
The predisposing conditions that underlie these elements need to be thought of as 
inputs more so associated with open systems (ecosystems). Schooling that does not 
recognise social factors that contribute to healthy diverse communities could be 
susceptible to structural decline followed by a change in entropy. Energy wasted in 
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remediation of degraded systems could alternatively be used to adapt to the new 
conditions.  
 
I propose that by viewing the classroom from an ecological (holistic) perspective, I 
would be more able to visualise the dynamism and complexity of participant 
interaction as an active learning environment. Activity is synonymous with 
constructivist theoretical assumptions to learning where students are thought to adapt 
and change as they learn. The ecological metaphor became the perspective enlisted 
to investigate middle years’ pedagogical approaches to adolescent learning in 
science, and by implication student-centred learning.  
 
According to the report Beyond the Middle (Luke et al., 2003) relationships within 
the middle school community should be akin to mutualism, in a climate of trust. As 
an educator I had to re-think of myself, not as conveyer of information/knowledge 
but more as a facilitator; trying to resource the students in more ways of 
understanding, learning how to learn, having ownership of learning, learning quickly 
and collaborating with communities (Spender, 2001). It would appear that as 
educators we may be better suited to working within the classroom “ecosystem” 
taking the indigenous stance; being respectful of our environment. This could be 
considered a post-modern epistemological stance, similar to the stance of pragmatic 
constructivism (Cobb, 2002). If teachers and administrators take the notion of being 
outside; being able to control the system, the balance could become precarious as 
one sector attempts to dominate the other. With the pace and changing nature of 
society from an industrial to information based culture and economy, as an educator 
I was prepared to re-consider my position, given education is entwined in a new 
paradigm.  
 
1.1.5.     Changing teachers’ roles within science education 
Within the context of science education as a classroom teacher I was endeavouring to 
serve two masters; one to deliver ‘real science’ to the clients via authentic practical 
situations within authentic contextual environments; the second attending to the 
mandatory needs of the syllabus. While I was managing the classroom to create 
compliance and categorise students, the students were being denied the opportunity 
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to develop lifelong learning skills and a “scientific literacy”; a case of my 
management usurping pedagogy. Scientific literacy is thought to be a function of 
facilitating the understanding of subject matter in order to increase the valuing of 
science as a human endeavour (Lederman & Lederman, 2012).  
 
Tools I used to subjugate students included extrinsic motivation; grades and other 
rewards that were not as gratifying as intrinsic motivation; the joy of discovery 
(Watters & Diezmann, 2003). Hand, Pain, Lawrence and Yore (1999) commented 
“there exists a potential conflict among how science is perceived from a 
philosophical perspective, how students perceive science and how teachers present 
the subject within schools” (p. 1026). The traditional model of the teacher as expert 
delivering stable scientific concepts to the dependent students (Tytler, 2007) may be 
creating conflicts between science educators’ view of science and students’ view of 
themselves (Lemke, 2000). School science would do well to remain relevant to the 
student’s interests and needs (Ainley & Ainley, 2011; Goodrum, Druhan & Abbs, 
2011; Holbrook & Rannikmae, 2009).  
 
Tytler (2007) suggested that the middle school philosophy may be one step towards 
better meeting the increasingly diverse needs of middle school students with an 
increased emphasis on classroom collaboration (MYRAD, 2002). I would agree with 
the notion that requires a deliberate shift from the hierarchical and authoritarian 
structure of classroom. If collaboration is predicated on equality, this could lead to a 
sense of collegiality whereby individuals in the classroom consider one another as 
partners in the change process. Bhaerman and Kopp (1988) found that students are 
less likely to leave school when they work with teachers who are perceived to be 
flexible, creative and person-centred rather than rule-orientated. Students cite a 
“good teacher” as one of the most positive elements of their school experience. 
Through mutual planning and goal setting, teachers and students can gain ownership 
of the educational process by placing importance on mutually established, group-
individualized instruction. Aspland, Elliott and Macpherson (2003) recognise that 
“teachers and other stakeholders such as parents and students…may be empowered 
in authentic ways to engage in curriculum decision-making” (p. 7). Aspland, Elliott 
and Macpherson (2003) point out “curriculum leadership is not confined to those 
persons who are assigned to recognized positions of leadership in schools” (p. 8). 
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These implications they say, “develop within a constructivist view of professional 
knowledge within contexts which both challenge and support stakeholders” (p. 7). 
Constructivist classroom contexts are viewed more so as democratically active 
environments where learners, both teachers and students may engage in determining 
the scope and range of their learning (Carrington, 2003).    
 
In this My School age (ACARA, 2011) it would seem if we as educators are to 
maintain a stable relationship with an adolescent generation that is more technically 
aware, who are prepared to be cooperative team players but also can be impatient 
(Bahr & Pendergast, 2006), we must learn to see through a different cultural lens. 
Spender (2001) states, “in many respects we are not the right people to create a new 
curriculum… Students already know about the information world; they simply want 
school to catch up, they want to be able to do in school what so many take for 
granted outside” (p. 11). However it is still the educator’s responsibility to provide 
an environment that will help develop student knowledge and learning. Accepting 
these principles the challenge become how could I respond and provide real science 
that engaged students within the constraints of a mandated syllabus. 
 
1.2.     The research problem 
The previous sections have suggested that it is logical for adolescent students to 
become disengaged in science if classroom environments are devoid of personal 
interest and experiences, having limited contextual relevance. Although there has 
been widespread awareness of middle schooling reforms, there still appears to be a 
mismatch between the needs of young adolescents and the school environment. 
During adolescence, students are becoming more aware, more independent and more 
focused on peer relationships and social status. The high school is offering a 
curriculum that is becoming less personally relevant to their lives. Science education 
can further exacerbate the problem by presenting abstract concepts that have limited 
contextual relevance and a seemingly difficult vocabulary that further alienates 
adolescents from the curriculum (Tytler, 2007).  
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The purpose of the study was to explore the nuances of an adolescent science 
classroom from an ecological perspective; arguing that a classroom environment that 
prioritises student-centred learning over transmissive approaches is more responsive 
to the promotion of adolescent engagement in learning science. In order to achieve 
the goals of the study, one research question was used to guide the investigation. 
 
 
The research question is 
 
 
In what ways do student-centred approaches to learning influence adolescent 
participation in a science classroom? 
 
 
The study is intended to contribute to a solution of the contemporary challenge 
relating to adolescent learning in science “concentrating on the process of learning, 
as promoted by constructivist principles” (Hackmann, 2004, p. 701) the emphasis, 
student-centred learning, placing new content in personally-relevant contexts (Nix, 
Fraser & Ledbetter, 2003). Student-centred practice relies on students constructing 
their learning by working collaboratively; learners making new knowledge 
meaningful by linking it to previous experience by solving authentic problems. They 
can then make meaning of their learning and produce products that become the basis 
for teaching others, what they have learned; all within an environment that respects 
the unique differences and emotional states of the learners (Brown, 2003; Daley, 
2003; McCombs & Whistler, 1997).  
 
1.3.     The study 
The object of the study was to build an understanding of how a learner-centred 
approach within an adolescent science classroom could contribute toward the 
enhancement of both student motivation and engagement in science. A further 
objective was to enhance student scientific literacy, conceptualised as those abilities 
to use scientific knowledge and skills to understand the role of science in 
contemporary society (OECD, 2007). The case study approach (Yin, 2003) was 
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selected as a methodology in which to explore the complexity between adolescent 
learning and the curriculum. The complexity of the classroom was defined by Cobb, 
Confrey, diSessa, Lehrer and Schauble (2003) as a learning ecology, a dynamic and 
complex set of interactions between the social environment and cognitive quests 
within the classroom.  
 
The case study approach was employed as a means of gaining in-depth 
understanding for the subject, focusing on the processes of student participation in 
learning rather than specific outcomes (Burns, 2000). Previously developed theory, 
learner-centred theory (McCombs, 2001) became the template to analyse the 
empirical results of the case study (Yin, 2003).  
 
The conceptual goal for the study was to strengthen the production of personal 
meaning with particular reference to the acquisition of a scientific literacy for the 
students, and for myself a further understanding of how adolescents learn science. 
Essentially the focus of scientific literacy is based on three dimensions that are 
considered necessary for public understanding of science and contributing toward 
lifelong learning. The first dimension is related to the content and concepts of 
science, the second the nature and process of science, and the third the relationship 
between science and society (Goodrum et al., 2001; Knain, 2001; OECD, 2007). The 
instructional context of the study is guided by specific syllabus objectives listed in 
the prescriptive teacher-centred Sandy Beach High School science program 
(presented in Appendix 1).  
 
1.3.1.     The significance of the study 
This study addresses the issue associated with adolescent learning in a science 
classroom and attempts to lessen the perceived void of contemporary research in 
middle years (Rumble & Aspland, 2009). The study assumes a view of adolescents 
in a positive light and proposes an explanatory model to guide a student-centred 
approach to teaching that contributes to enhanced student participation and thus 
engagement in science. The study was hypothesised as a means of re-considering the 
middle years of education from a new perspective and for me personally as an 
educator to review my pedagogical options in the science classroom. The study was 
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also visualised as a vessel to strengthen an argument for the consideration of middle 
years’ students when implementing the Australian National Curriculum (ACARA, 
2009). The study further hoped to strengthen a case for a student-centred approach as 
a means of encouraging a sustained interest and thus engagement of adolescents in 
science, emphasised in the report ‘The Status and Quality of Year 11 and 12 Science 
in Australian Schools’ (Goodrum, Druhan & Abbs, 2011). Student-centred 
approaches consider the provision of classroom contexts that introduce ideas and 
understandings from the point of view of the student, not the subject; bringing the 
students to the subject, not the subject to the students. 
 
1.4.     Conclusion 
In concluding this chapter a brief summary is presented followed by a description of 
the layout of this thesis. 
1.4.1.     Chapter summary 
This chapter has provided the middle years of schooling as the context and rational 
for the study. It presents the study as a self-reflection, an evolving historical 
interpretation of middle years of schooling from a science perspective. The chapter 
identifies the concerns about student engagement specifically in science in the 
middle years. It also highlights the study as a pragmatic contribution to the 
explanation of how middle year’s students can engage in learning and sustain that 
engagement. The study has significance in that it helps address a void in 
contemporary middle years’ research. The chapter sets the scene for the exploration 
of my teaching practices with the vision to enhance the engagement of young 
adolescents with science.  
 
1.4.2.     Overview of the Thesis 
This chapter has introduced the study and highlighted the relevant conceptual 
influences. Chapter 2 presents an analysis of the literature and presents a theoretical 
framework that guided the implementation of the learning experience and the 
analysis of data. Chapter 3 describes the research design guided by case study 
methodology (Yin, 2003). The chapter describes the selection of the participants, the 
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implementation of the study, the data analysis process and addresses issues of 
trustworthiness. Chapter 4; describes the building of an instructional program based 
on the theories canvassed in Chapter 2, and outlines the implementation of the 
instructional program. 
 
The following five chapters answer the research question; “In what ways do student-
centred approaches to learning influence adolescent participation in a science 
classroom?” and became the outcomes of the study. Chapter 5 suggests that by 
providing a classroom climate that encourages interaction through activity, engages 
students in developmentally appropriate ways to take an interest in the contexts 
provided. Chapter 6 recognises that student engagement is enhanced by presenting 
challenging activities that require students to collaboratively explore a learning 
environment. Chapter 7 suggests that a variety of representations of scientific ideas 
and modes of presentation and assessment can assist deep and rigorous learning. 
Chapter 8 proposes that student engagement can be promoted by supporting students 
to find or develop connections through meaningful curricula aligned with their own 
experiences and Chapter 9 recognises that student engagement can be supported by 
promoting a learning environment that is both inclusive and supportive of individual 
differences. Chapter 10 presents an interpretation of the propositions described above 
as an ‘analytical generalisation’ further developing a pragmatic understanding of 
student-centred learning. The chapter as an explanatory chapter draws on a model as 
a theoretical guide to the practices observed; through the successes and failures of 
the student-centred learning.  
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Chapter 2:    Review of literature 
2.1.     Introduction 
The problem identified in Chapter 1 relates to student disengagement within the 
middle years of school, specifically in science education. Contemporary middle 
years’ education, particularly in science has been perceived to be out of step with the 
needs and motivations of adolescence (Bahr & Pendergast, 2006; Tytler, 2007). 
Adolescent experiences of middle schooling have been identified as a significant 
problem; “at risk” learners suffering from reduced attention, motivation and 
engagement with the curriculum. The disengagement of adolescent students is said to 
contribute to academic failure leading to high dropout rates in the US (Eccles et al., 
1993), in Canada (Schonert-Reichl, 2000), and in Australia (Smyth, McInerney & 
Hattam, 2003).   
 
This chapter reviews relevant international and Australian literature related to 
adolescent education and engagement in learning science. The literature explores the 
historical significance of adolescence and particularly the perceived ‘risky nature’ of 
adolescents in educational settings. The chapter further explores adolescence from 
both a motivational and an engagement perspective, identifying middle school 
approaches as an adjunct to the perceived problems in education relating to 
adolescence. The chapter then places adolescence in the context of science education 
from a constructivist perspective drawing on student-centred approaches to stimulate 
student motivation and engagement in science. The chapter concludes by presenting 
a theoretical framework and model developed from an ecological perspective 
(Chapter 1) in response to the research question. The theoretical framework was 
identified from within the epistemological stance of constructivism related to 
student-centred learning in the adolescent science classroom environment.  
 
2.1.1.     A Background 
Influential work on the theoretical perspective taken in the study originated in the 
early part of last century (Dewey, 1938; Piaget, 1966; Vygotsky, 1931/1986). 
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Education approaches identified in the last half of the 20th century were: the 
behaviourists (Skinner, 1974), in which the external environment is arranged through 
reinforcements to produce the desired change in the student. The next approach was 
the cognitivist perspective (Novak & Gowin, 1984) whose focus is on the internal 
processes of learning. The final and contemporary approach is that of the 
constructivists’ belief, that individuals create knowledge by linking new information 
with past experience to create personal meaning (Daley, 2003). Bahr and Pendergast 
(2006) emphasised that literature surrounding much of education and middle years of 
schooling in particular offers the modernist discourse and indeed the construct of 
adolescence emanates from the modernist sociocultural perspective. This modernist 
discourse may be of less relevance today as highlighted by the American Association 
of School Administrators (cited in Shantz & Rideout, 2003) 
 
 
Schools and schooling systems …have done a noteworthy job of preparing 
students for the industrial age; fewer have systematically decided how they 
will prepare students for the 21st century. Therefore, if we continue on our 
present path, we’ll be preparing students for a world that no longer exists. 
(1999, p. 1) 
 
 
Education is no longer influenced alone by the industrial “schooling” paradigm. 
Rapid social change has led to a striving to understand the development of people as 
“lifelong learners” within a societal context, rather than merely products of the 
education system. Effective schooling should no longer be considered a linear 
process, a mechanised view where educators “stamp” the students (inputs) with the 
correct lessons (process) to achieve the right test scores (outputs) (Shantz & Rideout, 
2003). A diversity of outcomes including motivation, critical thinking, decision 
making and creativity may be more advantageous to students of the 21st century in 
meeting the demands of all areas of life. 
 
Various general educational models have been proposed in recognition that student 
developmental outcomes are dependent upon the individual’s psycho-social needs 
being supported within a particular environmental context. These models are attuned 
to the fact that different social environments can impact on adolescent motivation 
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and engagement of learning, see for example Ecological Systems Theory 
(Bronfenbrenner, 1979), the Biosocial Systems perspective (Hanrahan, 2003) and the 
Ecosocial System Theory (Lemke, 1995). 
 
In the context of adolescent learning, numerous researchers have recognised that a 
mismatch between adolescents’ and educators’ assumptions about the goals of 
schooling, especially in periods of transition can lead to increased student 
disengagement with the curriculum. As far back as 1931 Vygotsky recognised 
problems associated with adolescent transitions in education. Other researchers’ 
interests, specifically in the notion of adolescent transitions were noted in the latter 
part of the 20th Century, for example in the US, Beane (1991) and Eccles et al. 
(1993) and in Australia Braggett, Morris and Day, 1999 and Chadbourne, 2003, with 
more contemporary researchers, Bahr and Pendergast (2006), Carrington, (2006) and 
Tytler (2007). 
 
In the context of learning in science, Tytler (2007) suggested that science as a subject 
has been delivering non-negotiable, abstract knowledge and tending to use a narrow 
pedagogy that is arguably insensitive to the needs of the students and it is time to re-
imagine science education. 
 
2.2.     Scientific literacy 
According to Holbrook and Rannikmae, (2009) “scientific literacy” as a simple term 
has an advantage that it sums up, at a school the level the intentions of science 
education. Kyle, Linn, Bitner, Mitchener and Perry (1991) noted secondary school 
students should understand that scientific literacy promotes lifelong learning rather 
than simply the acquisition of school-based, examination-focused information. 
However, there is no universally accepted definition of scientific literacy. Hodson 
(2003) stated “Although the attainment of scientific literacy has been almost 
universally welcomed as a desirable goal, there is still little clarity about its 
meaning…and little agreement about precisely what it means in terms of curriculum 
provision” ( p. 645). Shamos (1995) pointed out that the conception of scientific 
literacy is historically contrived, evolving from perceived faults by the science 
education community, with no consensus on what scientific literacy means, and with 
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such an “ill-defined notion” argued, that scientific literacy is a “meaningless goal” as 
prescribed. 
 
Although a concise definition of scientific literacy is said to be problematic 
(Holbrook & Rannikmae, 2009), PISA has determined scientific literacy in three 
dimensions which are widely agreed upon as necessary for a public understanding of 
science (OECD, 2007). The first dimension includes the content and concepts of 
science. The second dimension is concerned with the nature and process of science, 
whereas the third dimension is concerned with the relationships between science and 
society. 
 
Holbrook and Rannikmae, (2009) suggest that the first dimension is prevalent among 
science teachers with an emphasis on content often to the exclusion of “a longer term 
view that sees scientific literacy as a requirement to be able to adapt to the challenges 
of a rapidly changing world” (p. 778). In other words the contexts and social aspects 
of science tend to be excluded. Goodrum et al. (2001) concluded that “the result is an 
unbalanced curriculum with little chance of scientific literacy being an outcome” (p. 
7).  
 
In an analysis of four science texts for 13 year olds Knain (2001) found that, in 
relation to science texts he had researched there is a certain degree of consistency in 
how science is described. Knain’s analyses showed that “it is the products of science 
(concepts, models, laws and theories) that have priority over processes of science 
(methods, science as an activity)” (p. 324). Knain suggested that the first two 
dimensions of scientific literacy were adequately covered; however texts tend to 
leave out the third dimension of scientific literacy; “leaving out the contextual and 
ideological aspects” (p. 327) the aspects that make science more relevant to students. 
 
Critical of the concept of scientific literacy, Tippins, Nichols and Kemp (1999) 
suggest that the terminology of scientific literacy implies that there is a single set of 
knowledge, understandings, skills and dispositions that all students should possess; 
the same science for all students. The science students are exposed to in school, the 
science they presumably “need” to become scientifically literate, is of little interest 
or value to them. Shamos (1995) doubted whether the dimensions of scientific 
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literacy when presenting science to the general “non-science” student could help 
develop an appreciation and awareness of science as a cultural enterprise. He saw 
scientific literacy in terms of promoting more a “social literacy” where competent 
consumers of science are able to gain knowledge of science from experts when 
appropriate (Holbrook & Rannikmae, 2009).  
 
In his review of literature on scientific literacy, Laugksch (2000) cited four interest 
groups that share a common concern in promotion of scientific literacy from 
different perspectives and thus apply different methods to measure scientific literacy. 
The four interest groups were made up of the science education community; the 
social scientists and public opinion researchers; the sociologists, and the informal 
and non-formal professionals. It is from the position of the science education 
community; a position that is concerned with the relationship between formal 
education and scientific literacy, focusing on children and adolescents (Laugksch, 
2000) that is relevant to this study.  
 
For the purposes of this study, the use of scientific literacy seemed appropriate as a 
means of promoting life-long learning within the formal mandated scientific 
syllabus. The construct of scientific literacy (OECD, 2007) offered to provide some 
sense of purpose for students to aim at and see value in becoming “functional 
citizens” (Holbrook & Rannikmae, 2009). Tytler (2007) suggests that a 
“fundamental scientific literacy perspective challenges the idea that learning is 
purely conceptual” (p. 36) and argues from a sociocultural perspective to reposition 
learning, taking into consideration “the contextual, social, cultural and psychological 
factors that influence different learners in engagement with the task” (p. 3).  
 
2.3.     Adolescence 
Adolescence has been portrayed as a distinguishing period of change; this is seen as 
a period of transitional development between childhood and adulthood that is 
characterised by more biological, psychological, and social role changes than any 
other stage of life except infancy (Bahr & Pendergast, 2006; Braggett, Morris & 
Day, 1999; Chadbourne, 2003; Stevens et al. 2007). Stevens et al. (2007) have come 
to the conclusion that adolescence is a sociocultural construction when interpreted 
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from four different paradigms. The four perspectives are that of cognitive 
psychology, (Hall, 1914; Piaget, 1973), biomedical (Erikson, 1980), a critical 
perspective (Marx 1975, Giroux & MacLaren, 1982) and a postmodern perspective 
(Kenway & Bullen, 2001). All perspectives created a unifying perception of 
adolescent identity as a stage in the educational setting that is understood to be “at 
risk”; a stage that is knowable and therefore controllable. The perceptions associated 
with the complexity of this change were succinctly highlighted by Eccles, Midgley, 
Wigfield, Miller, Buchanan, Reuman, Flanagan and Mac Iver (1993) 
 
 
Few developmental periods are characterised by so many changes at so 
many different levels, changes due to pubertal development, social role 
redefinitions, cognitive development, school transitions and the emergence of 
sexuality. (p. 91) 
 
 
In a way this was a simplified definition of adolescence. The demands on 
adolescence have widened today, with unprecedented changes to information based 
culture and economy (Bahr & Pendergast, 2006). Adolescents are searching for 
security and a sense of identity in the face of a contemporary society that is offering 
uncertainty. The security of the home, the family and the “culture” has been 
seemingly threatened by exposure to events beyond their control. Jablon and Van 
Sickle (2003) stated in relation to the post-modern early adolescent and the science 
classroom that 
 
 
Their newly expanding cognitive abilities are as difficult to manage as their 
awkward out-of synch bodies. The world seems out of control and certainly 
out of their control. They are desperately attempting to make models and 
theories for how their world works and how they can be competent within it. 
Yet, as novices, and when left on their own they appear to be failing 
miserably and consistently. (p. 2)   
 
 
Adolescents in the face of extrinsic influences are still deciding their own place and 
schooling has a part to play in that responsibility. Tytler (2007) contends, given the 
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concerns regarding these middle year’s students’ attitudes toward learning. In the 
context of the science classroom environment the promotion of middle years’ 
principles that emphasise intellectual challenge associated with exploration and 
questioning and discussion of ideas may prove productive toward student 
engagement in science. This may be a catalyst toward adolescent students 
discovering their place. 
 
2.3.1.     Understanding transition 
From pedagogical and curricular perspectives, the negotiation of a transition between 
primary school and secondary school is depicted as a pivotal stage in adolescent 
learning. Goodrum et al. (2001) assert “the primary-secondary school transition…has 
always represented a hiatus in science education” (p. 20). This period represents the 
confluence of normative biological, psychological, and social changes (Rudolph, 
Lambert, Clark, & Kurlakowsky, 2001). Understanding how young adolescents 
navigate developmental transitions is according to Graber and Brooks-Gunn (1996) 
“the crux of understanding risk and resilience across the lifespan” (p. 768). Braggett, 
et al. (1999) stated that in relation to transition between elementary school and lower 
secondary schooling 
 
 
The case for cooperation between the sectors and, more importantly, for 
continuity of teaching and learning experiences is overwhelming if we are to 
provide high quality education and reduce the growing sense of alienation that 
many young people feel towards school life and school learning. (p. 5) 
 
 
Whilst schools do try to remedy this problem especially, schools that have common 
campuses, it has to be considered that this is a time when academic learning may 
take a back seat for most adolescents. Hinebauch, (2002) stated astutely  
 
 
…students are not nearly as concerned about their coursework as they are about 
the social mayhem swirling around them. Yes they do want to do well in their 
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classes; they try to get their homework done; they feel stressed about meeting 
their academic commitments but the motivation to do any of these things seems 
external. Their laments are many: “my parents say I need to do well to get into a 
good high school, then a good college;” “my parents will ground me if I don’t 
do my homework”. Internal motivation is focused on fitting in with their peers. 
(p. 21)     
 
 
These years are primarily a time of preparation both socially and emotionally, 
students are thought to be “in the middle ground between dependence and 
independence” (Hinebauch, 2002 p. 19). Emotional turmoil has been perceived to 
create a state of angst, polarizing students and teachers, students and parents, and 
students and administrations. Amelioration in the form of the middle school reforms 
have been instituted in many schooling systems within Western countries as a 
response. 
 
According to Luke et al. (2003) the underlying philosophy of reform in the middle 
years of schooling revolves around the provision of a seamless transition from 
elementary into secondary schooling. Elementary schooling is traditionally seen 
from a Western perspective as student-centred, secondary schooling is traditionally 
seen as subject or discipline-centred. The proposition of a seamless transition could 
lead to a more effective student learning, promoting more positive experiences in 
adolescence, and a desire and capacity for lifelong learning. 
 
2.3.2.     Adolescents at risk 
The discourse of the “at risk” unruly youth has served to legitimise a focus on middle 
school reforms in the past (Stevens et al., 2007).  Risk suggests a possibility of some 
harm. However, to be at risk may have a more severe connotation, a connotation 
synonymous with actuating harm; Solomon (1999) suggested that “risk itself, as 
opposed to the older idea of hazard or chance, is redolent of our new age” (p. 5) and 
further stated quite dramatically  
  
 
The at-risk student in elementary school is likely to be exhibiting behaviours 
associated with eventual dropping out of school such as poor attendance, 
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inappropriate behaviour, and poor academic performance. If those students are 
abruptly placed in a new setting and given little or no guidance as to what to 
expect and how to behave, chances are great that they will drop out 
intellectually until they reach an age where they can drop out physically. (p. 5) 
 
 
Fasick, (1988) asserted three decades ago that in many ways the education system 
has served to help isolate adolescents from the rest of society, leading to a strong 
tendency for adolescents to socialise amongst themselves during their leisure time. 
This combined with other societal changes has led to youth being more influenced by 
peer acceptance and norms than at any time in our past, because adult authority is 
said to be weaker and more fragmented and young people are spending more time 
with their peers, with very little regular interaction with adults (Jablon & Van Sickle, 
2003).  
 
Eccles et al., (1993) suggest that “some of the negative psychological changes 
associated with adolescent development result from a mismatch between the needs of 
developing adolescents and the opportunities afforded them by their social 
environments” (p. 92); school being cited as one of those social environments. In fact 
Eccles et al., (1993) suggest that the decline in achievement in young adolescents is 
not a general feature of early adolescent development but rather a consequence of the 
learning environment.  
 
Schooling can be at odds with the adolescent psyche; “Young people have a lifestyle 
and mindset that enables them to access much of their learning outside the 
school…yet, much curriculum reform narrowly focuses upon the school as the only 
site of meaningful learning” (MacDonald, 2003, p. 146). This is at a period in 
adolescent development when they are “quickly moving to a place where they are 
controlled more by their peers’ acceptance and norms than by their parents” (Jablon 
& Van Sickle, 2003, p. 2) and presumably their teachers. Braggett et al., (1999) 
concluded 
 
 
One has to concede that the majority of schools experience considerable 
difficulty in coping with the pressures of adolescence and in providing a safe, 
secure, and satisfying environment for young people during these 
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years…changes to schools are urgently required,…traditional approaches have 
been found wanting. (p. 24) 
 
 
Adolescents were perceived to be “at risk” at school due to a mismatch existing 
between the adolescents’ developmental needs and the environments of schools they 
attend (Eccles et al., 1993; Meece, 2003; Smyth, et al. 2003; Stevens et al. 2007). 
During the period of transition from elementary school to high school, adolescents 
move from rather student-centred self-contained elementary classrooms with a more 
interdisciplinary teaming approach (Hackmann, 2004) to a more restrictive teacher-
centred environment at a time when they are becoming more aware, more 
independent, and focused on peer relations and social status. The high school 
environment may be seen to provide an environment that is the anti-thesis of 
adolescent needs, a departmentalised teacher-centred environment that is contingent 
on, more competition and evaluation, is more formal and impersonal and offering 
fewer opportunities for personal choice and decision making (Meece, 2003).  
 
According to Elias, Gara and Ubriaco (1985) in an analysis of factors leading 
schools to be a source of stress to children found the school social environment can 
further exacerbate the risk, producing “psychological casualties” (p. 112). The 
middle school environment (junior high school) represents a qualitative shift within 
the learning environment and the associated pedagogical processes. Lumsden (1999), 
Wigfield (1994) and Zanobini and Usai (2002) assert many adolescents doubt their 
own abilities and fearing failure are less likely to invest themselves in academics due 
to the self-system being a multidimensional construct, consisting of affective, 
cognitive, motivational and behavioural domains. 
 
Zanobini and Usai (2002) found in a longitudinal study that intrinsic motivation 
during transition of middle grade students decreased and paradoxically, traditional 
middle schooling practices place a greater emphasis on control at a time when early 
adolescents have an increasing desire for autonomy and self-determination. 
Motivation is a pre-cursor to engagement and cognitive achievement (understanding) 
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(Ainley & Ainley, 2011; Pintrich, 2003; Ryan & Deci, 2000; Obach, 2003; Patrick & 
Yoon, 2004).  
 
Within science education there has also been an increasing disquiet with the level of 
student engagement in the compulsory years (Goodrum et al. 2001; Goodrum et al., 
2011; Hanrahan, 2003; Hodson, 2003; Shamos, 1996; Tytler, 2007). Science 
education is perceived to no longer be meeting the needs and aspirations of the 
majority of students. When schools emphasise academic and prescribed social 
expectations at the expense of student emotional wellbeing, problems may manifest 
themselves as declining self-esteem, motivation and achievement leading to a 
disengagement of students from both academic and social expectations within the 
school environment. Although school environments can exacerbate adolescent 
disengagement; paradoxically these same school environments “may serve to 
mediate the relation between risk exposure and outcomes” (Schonert-Reichl, 2000, p. 
8). 
 
2.3.3.     Rites of passage 
It is suggested that virtually every pre-industrial culture provided an initiation, led by 
adults to help young people “navigate the dangerous waters between childhood and 
adulthood” (Kessler, 2000, p. 30). Initiations or rites of passage are seen as a cross-
cultural phenomenon, these rites are looked upon as a significant factor in the 
development of adolescents, welcoming them into the community. This process was 
a relatively short journey. The elements of rites of passage involve four stages, one a 
separation from society, the second stage, an instruction from an elder and the third a 
transition (a change from child to adult). At this point the sciences classroom is 
enacting as a closed ecosystem. The final stage, a welcoming back by the 
community, acknowledging the adolescents changed status (Delany, 1995). 
Schooling to some extent fulfils the role of initiation firstly by isolating adolescents 
from the rest of society and then they are supervised and instructed by teachers. In 
this phase students gain new capacities and skills to negotiate change, and are 
acknowledged by the community of adults and peers in the form of a graduation or 
some other “formal ceremony”. 
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Science can offer unique ritualistic elements associated with the rites of passage, 
providing students with a mutual focus, group assembly, barriers to outsiders and a 
shared mood via scientific demonstrations (Olitsky & Milne, 2012). Olitsky and 
Milne (2012) suggest scientific demonstrations are a “fluid type of ritual”, building-
up a mutual focus of shared experience between participants on an emotional and 
cognitive level.  
 
From an ecological perspective these ritualistic elements could be seen as adaptive 
mechanisms toward a new social environment, acting within a closed ecosystem. If 
classes can establish and maintain a science-related identity, students as participants 
are said to be prepared to work together to produce higher levels of achievement 
(Tobin, 2012). Adolescents transiting from primary school to high school are going 
to experience a science-related identity that is ever adapting to the dynamic and 
complex interactions of the classroom. Tobin (2012) proposed, as the classroom 
social life is enacted, emotions are produced continuously, contributing to a valenced 
emotional climate.    
 
2.4.     Motivation and engagement 
As demonstrated school environments can exacerbate adolescent disengagement and 
paradoxically these same school environments “may serve to mediate the relation 
between risk exposure and outcomes” (Schonert-Reichl, 2000, p. 8). Motivation is 
related to what provides the impetus for students’ participation in the learning 
process (Lumsden, 1999). Motivation is seen as a process of moving to action. 
Within the context of young adolescent schooling especially during transition from 
primary school to high school this process tends to stagnate generally (Eccles et al., 
1993; Obach, 2003; Ryan & Patrick, 2001; Zanobini & Usai, 2002).   
 
To improve academic engagement and learning in the middle years, Meece (2003) 
cited goal theories of motivation as a framework to describe the learning 
environment within schools. Two types of goal orientations were identified to help 
understand student’s academic behaviour in educational settings (Meece, 2003; 
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Obach, 2003). One orientation is of mastery or learning goal orientation, defined as a 
desire to improve one’s ability and understand learning material. Students derive 
satisfaction from the challenge, interest and enjoyment of completing the task. The 
other orientation is when students focus on performance goals, trying to gain 
recognition within a competitive environment; these students deriving satisfaction by 
recognition of ability relative to others, avoiding negative judgments of their own 
ability.  
 
Meece (2003) stated “goal theory is useful in categorizing the learning environment 
of middle schools” (p. 111). Evidence provided by Meece (2003) suggests that there 
is a shift in the motivational orientation and climate of classrooms during middle 
school transition from an orientation of mastery to a performance goal orientation. 
The implications are that significant changes occur in students’ goal orientations 
during late elementary and early secondary years with a shift toward greater concern 
with competition and outperforming others; developing approaches that promote 
surface learning and handicapping approaches that only exacerbate, motivational 
disengagement. Similarly, Obach (2003) concluded from a longitudinal study of 
middle years’ students  
 
 
Children, transitioning to middle grade levels re-evaluate their perceptions of 
academic competence in the light of a new social comparison group and an 
increasing emphasis on relative ability at these grade levels… children who 
adopt performance goals to gain success in an environment that emphasizes 
competition and ability grouping are likely to exhibit negative shifts in 
motivational beliefs after the transition. (p. 335) 
 
 
Meece (2003) further suggested that, “When adolescents’ developmental needs are 
not addressed, it can lead to negative changes in academic and emotional well-being 
during the middle school transition and beyond” (p. 110). Both Meece and Obach 
agreed that students evaluate their learning situations in light of their goal 
orientation. However, Meece intimates students will cope by changing their 
orientation whereas Obach suggests students deliberately choose an orientation. 
Whichever situation, it would be better to provide an educational environment that 
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does not put students in an emotional climate where they have either to cope with or 
choose how they will negotiate their learning.     
 
Within science, active engagement is said to rekindle adolescent inherent curiosity 
about the natural world around them increasing their motivation to learn and 
understand (Patrick & Yoon, 2004). It would seem that reform recommendations rest 
heavily on assumptions that changes to the curricula and instructional practices 
would increase student motivation in science, which could lead to greater 
understanding for all students (Patrick & Yoon, 2004). Pintrich (2003) suggested that 
motivation plays a major role as to why some students thrive in school contexts and 
others seem to struggle.  
 
Contemporary theory that addresses the question what motivates students in 
classrooms according to Pintrich (2003) can be informed by a social-cognitive model 
in that both cognitive and motivational constructs influence each other as well as 
being influenced by the social context. Pintrich (2003) further points out that it can 
be simplistic to express some motivation concepts as dichotomous; intrinsic (good) 
verses extrinsic (bad); mastery (good) verse performance (bad). It may be better to 
consider multiple goals, multiple outcomes, and multiple pathways to learning and 
engagement in multiple contexts. 
 
Motivation is about energy and direction toward certain actions however it is 
engagement that describes the energy in action (Ainley, 2004) and it is the student 
engaging in experiences that leads to specific behaviours towards learning. These 
behaviours are seen as critical toward student engagement in learning and it is 
thought that these behaviours are associated with the management of the classroom 
climate, the “psychological environment” of the classroom (Ames, 1992; Fredricks 
et al., 2004). Like student motivational needs (Ryan & Deci, 2000), engagement is 
presumed to be malleable and responsive to context (situated) and in the classroom 
can be characterised by how students feel, behave and think (Fredricks et al., 2004). 
It is further postulated by Fredricks et al. (2004) that the way students feel about 
what they are doing, will influence the way they behave and think about their 
achievement.  
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One influential theory related to individual motivation and engagement is Self-
Determination Theory (Ryan & Deci, 2000). This theory proposes that motivational 
causality is perceived not as a dichotomy but as a continuum from external 
regulation (Skinner, 1974) toward intrinsic motivation that is internally regulated and 
associated with more engagement. Ryan and Deci (2000) propose that environments 
can be designed to optimise people’s performance by assuring three basic needs are 
met in a social context; they are a sense of belonging, competence and autonomy. 
Self-determination theory from an educational perspective offers social constructs 
that focus on more situated and malleable contexts that are useful in the classroom 
environment (Pintrich, 2003). Ryan and Deci (2000) suggest that extrinsic 
motivation behaviours are not typically interesting and the primary reason people 
initially perform actions is to feel attached or related, to feel a sense of belonging. 
They suggest feeling a sense of competence, people are more likely to adopt 
activities and assimilate ideas that relevant social groups value, as long as they are 
developmentally ready to master interactions with their environment.  
 
To feel competent students need to be presented with optimally challenging tasks 
within their zone of proximal development (ZPD) (Pintrich, 2003; Vygotsky, 1986). 
Finally a sense of autonomy reflects a holistic processing whereby an activity is 
endorsed by a relevant reference group in which the person feels competent and 
related, where they are actively able to integrate values of their own (Ryan & Deci, 
2000). From the perspective of Self-Determination Theory in the context of engaging 
adolescence in learning, students should be offered a social environment that 
enhances their own sense of belonging, autonomy and competence.  
 
Three types of student engagement (emotional engagement, behavioural engagement 
and cognitive engagement) are each associated with different student behaviours, 
these three factors are seen as interrelated within individuals. (Fredricks et al. 2004).  
 
Emotional engagement is seen to be associated with happiness, sadness, enjoyment, 
anxiety and interest (Ainley & Ainley, 2011; Fredrickson, 2001). Classroom 
experiences that promote student enjoyment and interest are said to be central to 
student participation (Ainley & Ainley, 2011). Behavioural engagement is 
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associated with persistence, effort and participation in doing the work (Fredricks et 
al., 2004).  
 
Cognitive engagement is associated with an investment in learning by self-regulation  
and a preference for challenge (Fredricks et al., 2004) and defined by Helme and 
Clarke (2001) as “the deliberate task-specific thinking that a student undertakes 
while participating in a classroom activity” (p. 136). According to Fredricks et al. 
(2004) measures of engagement have tended to yield information of general 
tendency (OECD, 2007). In specific contexts more helpful measures would include 
multidimensional conceptualisations such as Helme and Clark’s (2001) study of 
cognitive engagement in the classroom.  
 
Olitsky and Milne (2012) suggest that the implementation of pedagogical strategies 
based on the constructivist epistemology requires student engagement at the 
emotional level. Fredricks et al. (2004) argued for a multi-faceted model of 
engagement interpreting emotional engagement as primarily informing the 
behavioural and cognitive aspects of engagement.  
 
2.4.1.     An ecological view of the classroom environment (classroom climate) 
Anderson, Hamilton and Hattie (2004), propose an “ecological paradigm” or model 
as an approach that considers the individual in interaction with the environment. 
Classroom environments have been referred to as classroom climates, learning 
environments and ecologies (Adelman & Taylor, 2005). These environments have 
been interpreted as fluid states within a complex interaction of environmental 
factors. Adelman and Taylor, (2005) proposed that classroom environments 
(climates), when judged to be positively valenced are major determiners of student 
behaviour and learning. Conversely negatively valenced classroom environments 
interfere with learning (Olitsky & Milne, 2012).  
 
Tobin (2012) and Olitsky and Milne (2012) argue for a classroom environment based 
on interaction between all participants and it is the collective experience of the 
students, the “shared mood” that when positively valenced contributes to a 
receptivity to learn. From the ecological perspective it could be argued that a “shared 
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mood” could result from the closed ecosystem established through the ritualistic 
processes of the sciences classroom. 
 
2.4.2.     Student inclusion as a function of collective relationships 
It is the social environment, the classroom climate that is an important dimension in 
student affiliation. Tobin (2012) from a science classroom perspective suggests that 
it is important to explore the implications between the individual and collective 
relationships within classroom environment and argues collective relationships 
increase individual student’s sense of belonging. Students as participants in the 
science classroom should be afforded opportunities for speaking, listening and being 
reflexive about what is happening in the science class. The implication, as students 
interact as social participants they become emotionally engaged and will become 
behaviourally invested in science related enactments, including talking about science 
with their peers and teachers (Olitsky & Milne, 2012). 
 
According to Olitsky and Milne, (2012), ritualised science enactments can promote 
socially shared emotions that can influence individual engagement. Collective 
emotions have an impact on collective engagement and individual identity. Positive 
emotional energy builds from successful interactions and rituals within the classroom 
environment. It is thought that collective positive emotional experiences lead to 
individual student confidence, making cognitive engagement possible. Confidence 
can be seen as an indirect measure of individual emotional energy and students are 
more likely to participate and engage with science content. Olitsky and Milne, 
(2012) suggest, it is collective emotional experiences that heighten individual 
student’s perceptions of being included. An ecological perspective would suggest 
that the ritualised science enactments from within the closed ecosystem of the 
classroom could contribute toward the collective positively valenced emotional 
classroom environment (climate) and thus individual student confidence. 
 
2.4.3.     An outside in approach 
Much motivational theory and research in the past has focused on individual’s 
beliefs, values and goals as the basis of analysis, an inside out approach employing 
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self-evaluating tools (Eccles et al., 1993; Gordon Rouse & Cashin, 2000; Pintrich & 
De Groot, 1990; Ryan & Patrick, 2001; Zonobini & Usai, 2002). Pintrich (2003) 
states that from an educational perspective the inside out approach does not afford a 
strong role for contextual factors and by implication does not provide much hope to 
teachers that they can make a difference. Educators are concerned with contextual 
factors as well as individual factors relating to cognition and motivation.  
 
Within the social setting of the classroom ecology it may be beneficial to examine 
both contextual and individual factors and their interrelationships from the outside-in 
in order to design learning settings that are purposely motivating environments. The 
middle school philosophy offers a theoretical framework based on student-centred 
pedagogical approaches that could provide opportunities to reform practice rather 
than perpetuate a classroom environment that would exacerbate risk for student 
engagement. Tytler (2007) proposed the philosophy of middle schooling could help 
alleviate the perceived problems associated with adolescence and learning in science. 
These problems included a lack of supportive pedagogy, by teachers’, taking a “one-
dimensional view of students” and ignoring the complex motivational and attitudinal 
factors of engagement in learning. 
 
2.4.4.     Middle schooling ideology  
A major aspect concerning the middle years’ approaches to schooling is that of 
student engagement (Dinham & Rowe, 2008). Whilst some students thrive, others 
find the demands and expectations of negotiating the middle years of school tenuous 
and lose enthusiasm for their learning. In relation to the transition of adolescent 
students between primary and high school Luke et al. (2003) state 
 
 
Where many youth in the middle years are not already ‘at risk’ in the light of 
these new conditions, it is quite plausible that unresponsive, irrelevant and 
inflexible educational structures can make them “at risk”. (p. 16)   
 
 
The concept of middle schooling developed in the US in the early part of the 20th 
century and is said to have paralleled, reflected and reinforced the social construction 
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of adolescence (Dinham & Rowe, 2008; Stevens et al., 2007). The middle school 
paradigm originally as a reaction to “risk” has tried to stabilize the middle years 
community and has evolved toward creating a more relevant and flexible structure 
that allows for more diversity and harmony within the “school ecosystem”.  
 
The philosophy of middle schooling was conceptualized to help fulfil the perceived 
needs of early adolescents; identified originally as a response to influential Turning 
Points paper in the late 1980s (Carnegie Council, 1989). The paper identified a 
mismatch between student needs and school structures/curriculum, high levels of 
student alienation, significant absenteeism and poor quality teaching (Beane, 1991; 
Boyd, 2000; Bragget, Morris & Day, 1999; Prosser, 2006; Prosser et al. 2008). 
Although this philosophy was coined over thirty years ago, with increasing changes 
in society it is more pertinent than ever today (Bahr & Pendergast, 2006; Stevens et 
al., 2007; Tytler, 2007).  
 
The middle school philosophy was originally guided by approaches that were 
considered more appropriate to the developmental needs of young adolescents both 
in the US and Australia. Beane (1991) suggested that a curriculum for middle 
schooling should be based on three critical concepts. First that the middle school 
curriculum should focus on shared interests of young adolescents; creating an 
integrative and exploratory curriculum giving students the opportunities to develop 
their academic and social competencies (Barratt, 1998; Cafasso, Camic, & Rhodes, 
2002; Cumming, 1994). Secondly middle schooling should address the specific 
needs of young adolescents; creating an environment or climate where students feel 
secure as risk-takers (Bailey, 2003; Cafasso, Camic, & Rhodes, 2002). Thirdly the 
curriculum should recognize that young adolescents are participants in the wider 
community (Boyd, 2000; Bragget, Morris & Day, 1999). 
 
These original critical concepts offered increased opportunities for students to 
interact with their teachers beyond regular instructional time. A strengthened sense 
of community was seen as influencing students’ emotional orientation toward school. 
It was postulated that “If a child does not feel that he or she belongs, or is socially 
excluded - his or her capacity for learning is greatly diminished, if not extinguished” 
(Walker, 2002 p. 12). 
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To influence these critical concepts, five “generic” strategies were adopted by many 
U.S. middle schools referred to as signature practices (Irvine, 2000). These 
signature practices became the template that guided the organisational arrangement 
of middle schools. The first of these were interdisciplinary teams, referring to the 
organizational structure of a core of teachers assigned to the same group of students, 
ostensibly to develop long term relationships between themselves and their students. 
Beane and Lipka (1986) suggested that “the cultivation of a humanistic (relationship-
centred) rather than a custodial (control-centred) climate is critical to the self-esteem 
of young adolescents” (p. 50). Teaming provided structural support; teachers sharing 
the same students are able to respond more quickly to the individual needs of 
students through collaboration (having common planning periods), meeting jointly 
with parents and designing thematic units that can be transferred across the 
curriculum to increase relevance.  
 
The second signature practice involved small group guidance including advisories; 
creating smaller “caring communities” to provide greater support for students 
(Lingard, Mills & Hayes, 2000; MacLaury & Gratz, 2002). The guidance provided 
social and academic support, and included discussing concerns raised by either 
individual students or student groups.  
 
The third signature practice was that of varied instruction including collaborative 
learning, positive evaluations, using a greater variety of learning tasks as well as 
alternative tasks including “extra credit” as a means of extending students.  
 
The fourth signature practice, the provision of an exploratory curriculum, involved 
“more hands-on, life-related learning activities, integrated instruction and 
cooperative learning groups” (Mizelle & Irvin, 2000, p. 4). The final signature 
practice was the provision of transitional programs that focus on a smooth transition 
between schools.  
 
In the Australian context, Carrington (2003) described middle schooling practices as 
linked to a shared philosophy and set of beliefs around the learning needs and 
characteristics of early adolescents rather than to a specific structural arrangement. 
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Significant Australian reports that helped shape the implementation of middle 
schooling included The National Middle Schooling Project (Barratt, 1998) 
recommending that the middle years of schooling should be characterised by being 
learner-centred, collaboratively organised, outcome-based, flexibly constructed, 
ethically aware and community-oriented. A report by Hill and Russell (1999) 
advocated a holistic approach to teaching and learning strategies, including closer 
relationships between teachers and students and more flexible use of time space and 
other resources. Another report The Middle Years Research and Development 
(MYRAD) Project (2002) identified a need to focus on the development of a range 
of pedagogical practices that included strengthened teacher-student relationships 
based on constructivist methods that included time for student thought and 
exploration, extending social competencies, and provision for individual student 
differences.  
 
An influential report by Luke et al., (2003) entitled Beyond The Middle: A Report 
about Literacy and Numeracy Development of Target Group Students in the Middle 
Years Of Schooling, acknowledged that there is a need for a ‘new generation’ of 
middle years of schooling to provide a more contemporary view of middle schooling 
that focused on the development of a more rigorous and engaging curriculum 
emphasising intellectually demanding pedagogy (Prosser, 2006).  
 
Lincoln (2010) argued that whilst there is no single agreed middle schooling 
approach, two significant contributions toward applying the ‘new generation’ middle 
school philosophy were made by Chadbourne (2001) and Carrington (2003). 
Chadbourne, (2001) in a discussion paper “Middle Schooling in the Middle Years” 
defined the term ‘middle schooling’ as referring to formal education that is 
responsive and appropriate to the developmental needs of young adolescents. This 
education is characterised by a philosophy, curriculum and pedagogy based on 
constructivism. In practice, this involved a set of specific critical elements (Table 
2.1). These elements place a strong emphasis on social learning and integrated 
curricula through which students are challenged to engage in meaningful learning 
experiences.  
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Table 2.1 
Critical elements underpinning middle school philosophy 
 
• Higher order thinking, holistic learning, critical thinking, problem-solving 
and life-long learning; 
• Students taking charge of their own learning and constructing their own 
meanings; 
• Integrated and disciplinary curricula that are negotiated, relevant and 
challenging; 
• Cooperative learning and collaborative teaching; 
• Authentic, reflective, and outcomes-based assessment; 
• Heterogeneous and flexible student groupings; 
• Success for every student; and 
• Small learning communities that provide students with sustained individual 
attention in a safe, healthy school environment (Chadbourne, 2001, pp. 2-3). 
 
 
Chadbourne’s critical elements (Table 2.1) were operationalized by Carrington’s 
(2003) practical considerations (adapted from Irvine’s (2000) signature practices) 
(Table 2.2). Carrington’s view complemented the constructivist view of Chadbourne  
by suggesting the signature practices be placed in contexts that attend to social as 
well as academic outcomes and engage with the larger community; student learning 
building from the experience and knowledge base of students, where students are 
viewed as active (rather than passive) learners. Further studies have added weight to 
recommendations associated with middle years learning, including the Pendergast et 
al. (2005) study titled “Developing Lifelong Learners in the Middle Years of 
Schooling”, contributing to the ideal of sustainability of engagement with learning as 
a lifelong accomplishment.  
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Table 2.2 
Carrington’s ‘practical considerations’ 
 
• Incorporation of technology;  
• Interdisciplinary teacher teaming;  
• Creative use of space and time;  
• Strong teacher-student relationships;  
• Home-rooms for students;  
• Integrated curriculum;  
• Collaborative teaching and learning;  
• Authentic learning;  
• Active student learning environments;  
• Concern for social as well as academic outcomes; and  
• Authentic engagement with larger community (Carrington, 2003) 
 
 
Criticisms in Australia of middle schooling revolve around three major 
considerations. The first, as a concept, middle schooling is said to be an annoyingly 
nebulous and slippery concept, with no single definition, no template and no formula 
(Pendergast et al., 2005). Pendergast et al. (2005) is further concerned that although 
the concept of middle schooling has achieved debutante status in terms of acceptance 
as a reform platform, it is very much in its infancy as to implementation and 
evaluation.  
 
Dinham and Rowe (2008) in a critical review of literature on middle schooling stated 
“despite rapid growth in the adoption of various forms of middle schooling since the 
1980s… advocacy for middle schooling has at times pre-empted or ignored evidence 
for its efficacy” (p. 4). A further criticism of the adoption of middle schooling 
paradigm stems from a developmental psychology perspective that focus on 
adolescent needs, promoting a deficit view of the “at risk” adolescent (Carrington, 
2006). Stevens et al. (2007) highlighted that Western epistemologies of adolescence 
have evolved as a social construct over time and are viewed through a singular lens 
as “knowable and therefore controllable” (p. 119). Stevens et al. (2007) suggests that 
the historic legacy of adolescents being portrayed from a deficit view as “unruly 
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youth” has been used to legitimise a focus on the middle years school reform as risk 
management, subtly endorsing an emphasis on behavioural management practices 
(Prosser, 2006).  
 
On a more general note, Chadbourne (2003) questioned whether educational 
principles of middle schooling apply exclusively to students in the middle school? 
Irvin (2000) concurred saying middle schooling research is at the forefront of reform 
initiatives, which could be applicable to all levels of schooling. Tytler (2007) 
expressed the same ideals by suggesting middle school principals could help 
alleviate the problems associated with the teaching of science to all levels of high 
school in Australia. Pendergast et al. (2005) points out that there is widespread 
evidence that the middle schooling paradigm has a legitimate place in our education 
system. Evidence suggests that middle schooling pedagogical principles facilitate the 
more student-centred practices of active student involvement in the process of 
scientific understanding; exploring and being challenged to use scientific ideas 
collaboratively in more relevant environments.  
 
2.5.     Science in the middle years  
School science in the past has been cast as an avenue to train the future technocrats, 
“elite” scientists that would both create and use technology; a technology that was 
isolated from the general society. Thus in the past the discipline-based focus of 
senior-science courses has been contingent upon content and abstract themes, with 
little emphasis on social context. However, science and technology today pervade 
every niche in society.  
 
The need for widespread scientific and technical literacy extends to every individual 
within society. Although a portion of the blame for disengagement of adolescents 
from learning science has emanated from a physiological level, (a level beyond the 
control of the educators); at a sociological and pedagogical level, it has been 
postulated that the needs of today’s adolescents are not necessarily matching the 
needs of previous generations (Stevens et al., 2007). The problem is further born out 
in a recent Australian report “The Status and Quality of Year 11 and 12 Science in 
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Australian Schools” (Goodrum, Druhan & Abbs, 2011). This report brought to 
public attention that senior high school students have abandoned science in 
“staggering” numbers over the past decade. The report warns that an improvement in 
the quality and interest of science education in the middle years is vital to encourage 
students to select science courses in the senior years of schooling.  
 
This view is not new Lemke (1990) proposed much earlier that student perceptions 
of learning science were a barrier to scientific understanding. For example, he has 
stated “If we are going to teach science effectively we are going to have to stop 
making it seem that science is intrinsically a harder subject than any other” ( p. 150). 
There was in the past and still is evidence that in science education, the actual 
curriculum and the intended curriculum may be mismatched. The educator’s 
instructional styles are “neither relevant nor interesting” and unnecessarily difficult 
(Lyons, 2005) to many “disenchanted” and “bored” secondary students (Bybee & 
Van Scotter, 2007; Goodrum, Hackling & Rennie, 2001; Hanrahan, 2003; Holbrook 
& Rannikmae, 2009). Goodrum et al. (2001) stated 
 
 
In primary schools…where science is taught on a regular basis, it is generally 
taught in a student-centred, activity-based manner that results in a high level of 
student satisfaction. When students move to secondary schools many 
experience disappointment and it is here that students’ interests wane markedly. 
(p. 15)  
 
 
Science teaching in the middle years may exacerbate the problem in a number of 
ways. Firstly, students in the formative years of education  “move from conceiving 
of knowledge as fixed, where absolute truth exists with certainty, to knowledge as 
tentative, where temporary truth exists within limits” (Hand, Prain, Lawrence, & 
Yore, 1999, p. 1025). Learners move from accepting absolute authority to reasoned 
evaluation of knowledge claims. In a way science teachers may be promoting a 
conflict within the junior high school by enforcing science as an “absolute truth” 
when in fact these learners are questioning themselves and their entire environment.  
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Secondly, Fensham (1985) drew attention to a conflict within science education; 
between demands to prepare 20% of the population as science-related professionals 
and developing a scientific literacy, and the other 80% of the population that will 
hopefully find science relevant. In most cases the curriculum cannot sustain both 
aspirations. Tytler (2007) is still arguing the same point in the Australian context. 
 
Another problem arises when science faculties in schools perpetuate elitism, creating 
a false dichotomy with other faculties leading to a perceived and not necessarily 
intended isolation, both to the other 80% of students and other staff. This elitism is 
certainly perpetuated in senior years, with small numbers of students attempting the 
heavily weighted subjects of physics and chemistry in order to attain a high 
University Admissions Index.  
 
Problems are further exacerbated when students over the course of a year complete 
up to eight disjointed, and ostensibly relevant “science topics”. Between these 
unrelated topics the students switch from subject to subject each period, further 
fragmenting the curriculum. There is little continuity to develop an appreciation of 
contemporary science and its consequences on society or indeed students’ lives. 
Hurd (1984) as far back as three decades ago stated “discipline-based science 
courses as they are now organized promote scientific illiteracy; students are unable 
to identify and reasonably interpret a science / technology-based personal or social 
problem” (p. 22). To cover the mandated science junior syllabus a focus on 
discipline-based science can still be found in some science classes today (Holbrook 
& Rannikmae, 2009).   
 
Science teaching according to Lemke (1990) creates a “mystique” that alienates 
students through a language of impersonal objectivity. Accordingly science becomes 
the antithesis of human experience. The science curriculum “does not bring science 
to the student; it insists that the student come to it, and most students never get there” 
(Lemke, 1990, p. 155). In the Australian context Tytler (2007) has argued for a 
broadening of the science curriculum toward the concept of scientific literacy better 
meeting the needs of all students.   
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2.5.1.     Contemporary models of science education 
Within the context of contemporary science education three influential instructional 
models have been developed from the constructivist perspective, they are the BSCS 
5Es’ (Bybee, Taylor, Gardner, Van Scotter, Carlson Powell, Westbrook & Landes 
2006), Learning Progressions (Merritt, Krajcik & Shwartz, 2008) and The Inquiry 
Cycle (White & Fredrickson, 1998). All three advocate conceptual development of 
scientific ideas over time.  
 
Specifically from a middle school context White and Fredrickson (1998) propose 
learning through the process of scientific enquiry and suggest that “complex theories 
in science are developed through a process of successive elaboration and refinement” 
(p. 7). A purposive scaffold the Inquiry Cycle explicitly presents students with a 
sequence of research goals, firstly to formulate a question and generate predictions 
and hypothesis related to the question, then plan and carry out an experiment. The 
experiment is then analysed and a summary of the findings become the basis of a 
scientific model. Finally the students apply their models to other situations and 
reflect on their learning.  
 
White and Fredrickson adopted an approach that attempted to further extend learning 
by giving students the opportunity to generate new situations and experiences from 
previous activities. These extended activities were seen as a way of enabling students 
to test and improve on their scientific understandings. Initially the inquiry process 
was only expected to be procedural, enlisting student talk and discussion as a 
reflective metacognitive practice to develop scientific understandings of activities by 
drawing on prior understandings of other activities.  
 
At a middle school level the expectations of student scientific understanding were 
expected to be of an intermediate level of abstraction with increased levels of 
sophistication as the students progressed through the curriculum. Findings of the 
research suggested that the constructivist epistemology emphasising inquiry, 
scaffolding, metacognition and reflection are effective in regards to scientific 
understanding for middle year’s students. White and Fredrickson (1998) further 
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noted teachers also need to become reflective practitioners of their own teaching 
practices if they are to become more effective as educators.  
 
The second instructional model the Biological Sciences Curriculum Study (BSCS 
5Es’) approach (Bybee, et al., 2006) adopted a similar scaffold to the Inquiry Cycle 
by firstly engaging student curiosity and eliciting prior knowledge, secondly, 
providing concrete explorative experiences where students could establish 
relationships, and observe patterns. In this phase the teacher’s role is to be a 
facilitator. Thirdly the teacher asks for student explanations and then introduces a 
formal explanation linked to student experience. The next phase is elaboration; the 
students are introduced to further experiences that facilitate the transfer of concepts 
to new situations. Finally the evaluative phase is where the level of student 
understanding is assessed both formatively and summatively. The BSCS 
instructional program is developmental offering to build on core concepts as the 
students move through the curriculum. This model also considers learner-
centeredness in that it acknowledges students benefit from taking control of their 
learning. To enable students to take control of their learning they firstly need a 
learning environment that offers experiences that require metacognition and a 
teacher that is prepared to further model metacognitive approaches; thinking aloud. 
Ultimately students should be given opportunities to interact with each other and the 
teacher (Bybee & Van Scotter, 2007).    
 
More recent research that further supports the implementation of constructivist 
learner-centred program within a framework of Learning Progressions (Merritt, 
Krajcik & Shwartz, 2008) focused on an eight-week program to develop an 
understanding of the particle nature of matter. Similar to the BSCS model students 
first construct their own view of matter, then align their conceptual understandings to 
the scientific explanation and then use their understandings of theory to explain other 
phenomena (Shwartz, Weizman, Fortus, Krajcik & Reiser, 2008). Learning 
progressions in general link scientific practices to content and define scientific 
practices as ways students should use knowledge, rather than what they should know 
(Shwartz et al., 2008). Learning progressions embody a developmental view of 
learning, as students slowly develop more sophisticated ways of reasoning about 
scientific concepts towards the big ideas of science (Duncan, 2011).  
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The big ideas are described as the unifying concepts that help define a variety of 
phenomena that help us make sense of the world (Plummer, 2011) and become the 
foundation for future learning. Learning progressions are purported to be based “in a 
view that practice and content are intrinsically linked and mutually necessary for 
science literacy” (Duncan, 2011, p. 1). The value of this framework toward 
adolescent learning in science is that expectations of adolescent learning like the 
Enquiry Cycle (White & Fredrickson, 1998) require only intermediate levels of 
sophistication of scientific conceptual understanding with the expectation that 
student learning can be built on rather than students being confronted immediately 
by definitive abstract concepts (Plummer, 2011).  
 
All three instructional models above offer constructivist accounts of student learning 
in science and emphasise a more rigorous approach to science by allowing time to 
explore scientific concepts in depth (Bybee & Van Scotter, 2007). However the three 
models are considered models of conceptual change that narrowly focus on changing 
student conceptual views of science, offering little insight into the complexity of the 
learning environment including the factors of motivation and engagement in learning 
(Tytler, 2007). Tytler (2007) proposes a broader view of learning from the 
sociocultural perspective, rather than just paying attention to what is thought to be in 
students’ heads, learning is seen as an increasing ability to participate in the 
discursive practices of science rather than the acquisition of declarative knowledge 
(Klein, 2006).  
 
Student motivation (Holbrook & Rannikmae, 2009) and indeed learning itself (Klein, 
2006) are seen to be perceptually based and contingent on the richness of the 
learning environment presented. Klein (2006) argues for a diverse learning 
environment that comprises opportunities for perceptual stimulation including 
pattern completion from the repertoire of patterns previous experiences through 
analogy, use of metaphor and narrative. He argues that narrative may be the 
fundamental framework whereby humans make sense of their experiences as 
narrative focuses on the personal and social importance of events.  
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In relation to learning in science the issue of relevance has been proposed as an 
influence particularly on intrinsic motivation. Holbrook and Rannikmae, (2009) 
recognise that student motivation can be stimulated if personal needs and personal 
goals are perceived to be satisfied, in other words is the content or instruction 
relevant to the student personally? Personally relevant content answering a student 
question (why study this?) becomes a precursor to motivation. Conversely, if 
students are sufficiently motivated by a classroom situation that is comprehensible 
and perceived to fulfilling a social or personal need they will participate in the 
learning. In this case motivation drives relevance and the context in this case has to 
be perceived to be relevant before learning starts to take place. From a cognitive 
perspective of learning in science Klein (2006) further sees a role for perception in 
learning and infers that learning is not simply a matter of a declarative relationship 
between the mind and the environment contrived by manipulating resolved scientific 
concepts; rather learning and thus concepts are perceptually based and contextual. 
Klein interprets learning as a collective activity where understandings are negotiated.  
 
Concepts in science are not singular entities, for example the concept of air pressure 
involves a number of ideas including particle theory, forces and energy (Tytler, 
2007). Learning in science from this perspective is a perceptually grounded process 
of pattern recognition and associative thinking over time. In consideration of 
learning from this perspective it will be necessary “to consider the contextual, social, 
cultural and psychological factors that influence different learners’ engagement with 
the task” (Tytler, 2007, p. 36) in other words a holistic (ecological) approach may be 
beneficial.  
 
Vosniadou (2012) suggested with a view of the difficulties of learning in science, it 
may be more profitable to design curricula that focus on a few key concepts in detail, 
rather than cover a great deal of material superficially. A superficial coverage of 
scientific concepts is thought to encourage misconceptions of scientific 
understandings. With curricular design in mind Vosniadou (2012) further suggested 
it is important to introduce new, scientific, information that is consistent with what 
the students already know. If scientific ideas are consistent with what the students’ 
already know or believe, they “can easily be incorporated into their existing 
knowledge structures” (p. 126).  
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2.6.     Theoretical Framework    
Theoretical frameworks are guides to explore phenomena about which there is 
limited understanding or uncertainty. A framework helps the researcher focus on 
what might be important in coming to understand a particular phenomenon such as 
adolescent learning of science. The purpose of this study was to explore the nuances 
of an adolescent science classroom. The conceptual elements of the theoretical 
framework are drawn from learning theory, namely constructivism; student-centred 
learning as a manifestation of these epistemological principles from an ecological 
perspective arguing that a classroom environment that emphasises student-centred 
learning over transmissive forms of teaching is more responsive to the promotion of 
adolescent engagement in learning science. The ecological perspective is premised 
on the provision of a classroom environment that emphasises learning as a systemic, 
generative, and emergent process. The literature so far cited in this chapter has 
developed an argument that constructivist principles are driving current educational 
initiatives in both the middle years of schooling (Carrington, 2006; Pendergast et al., 
2007; Prosser et al., 2008) and contemporary science education (Bybee et al., 2006; 
Goodrum, Hackling & Rennie, 2001; Merritt & Krajcik, 2008; Hodson, 2003; Luke 
et al. 2003). The manifestation of constructivist learning principles in teaching 
practices frames the notion of student-centred learning. This section draws together 
these concepts to present a theoretical framework. 
  
2.6.1.     Constructivism 
During the latter half of the 20th century, numerous child developmental theories 
have contributed to early childhood and intervention practices: behavioural theories 
of Skinner (1974), the constructivist theory of Piaget (1973), and Vygotsky’s 
(1931/1986), social-constructivist theory (Aldridge, Sexton, Goldman, Booker & 
Werner 1997). Constructivism has been categorized into many variants (Davis & 
Sumara, 2002; Harris & Graham, 1994; Prawat, 1996). However, these constructivist 
theories were developed according to Davis and Sumara (2002) as theoretical 
accounts of human knowing and knowledge not as practical advice to educators, 
more as a theory of learning (Matthews, 2000). Constructivism has a long history in 
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education. Harris and Graham (1994) cite Miller, Courtis and Watters (1931) who 
contended 
  
 
under the old education the teachers taught subject matter; today they are 
expected to teach children… to change the goal from acquisition to growth, the 
teacher must change the work from task to opportunity, must shift the 
responsibility from the teacher to children…the teacher’s function is to help 
children teach themselves. (p. 5) 
 
  
Four characteristics are common to constructivists, the first that all knowledge is 
constructed and the second that there exist cognitive structures that are activated in 
the process of construction. The third is that cognitive structures are under 
development and can be transformed through purposive activity or from 
environmental and social pressure and the fourth, the acknowledgement of 
constructivism as a cognitive position leads to the adoption of a constructivist 
methodology (Simpson, 2001). 
  
The four general characteristics of constructivism have given rise to six pedagogical 
characteristics recognised within the constructivist epistemology and comprise the 
measurement of prior knowledge and understanding and the intervention by teachers 
to mediate the learning of students with purposive activity. The establishment of 
social situations in which students can make sense of experiences in terms of what is 
already known by presenting a diversity of opportunities allows for students to 
represent their knowledge in a variety of ways that can be matched by a variety of 
assessment techniques. The constant monitoring of student activity to recognise 
signs of difficulty, disengagement and a depth of understanding and reporting that 
recognises the learner as a unique individual (Simpson, 2001).  
 
Constructivism is concerned with how people learn. In order to learn one must 
interact with the environment; meanings being constructed by the individual’s 
interaction with the environment. Problem solving is a constructivist strategy, trying 
to make sense of situations. Lorsbach and Tobin (1992) say “Other persons are part 
of our experiential world, thus others are important for meaning making. Others are 
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so important for constructivists that cooperative learning is a primary teaching 
strategy” (p. 2).  
 
Negotiation is also a constructivist strategy. In order to negotiate a consensus of 
meaning various resources should be accessed including texts, videotapes and 
“others”, including practicing experts. The image of student learning that guides 
constructivism underlines the active role of the learner; students are to be confronted 
with “contextual” real-world environments. Learning is described as self-regulated 
with ample opportunity for discovery and personal interpretation of events 
(Scheerens, 1997). 
 
Two influential variants of constructivism are firstly Subject-Centred or Cognitive–
Developmental Constructivism derived from readings of Piaget in which students 
construct their own knowledge; where the individual interacts with the environment. 
A second variant Social Constructivism is derived from the writings of Vygotsky, 
where knowledge is not merely constructed independently by the individual learner; 
rather it is co-constructed through social interaction (Simpson, 2001). Both the 
theories of Piaget and Vygotsky are insightful with regard to the development of 
student cognition “Piaget for the trajectories in cognitive development and Vygotsky 
for classroom dynamics of enhancement” (McGuinness, 2005, p. 114). These two 
significant but very different movements converged to form a general movement and 
there is said to be by Davis and Sumara (2002) “a discourse shift from the manner in 
which the individual constructs the world to the manner in which the world 
constructs the individual” (p. 414). One further very important point is made by 
Davis and Sumara, (2002) about constructivist theories in that “few academic 
domains share education’s interest with the pragmatics of human transformation” (p. 
421).  
 
It is Vygotsky’s (1931/1986) influence from a sociocultural perspective that has 
contributed to use of three educative tools building on and extending Piaget’s 
understandings of developmental theory (Kuhn & Dean 2004; McGuinness, 2005).  
 
Firstly, Vygotsky proposed that instruction and learning take place in the zone of 
proximal development (ZPD). Learning takes place in a cognitive space the ZPD 
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which lies just beyond what the student can do alone and it is with assistance and 
support from teachers and peers, that learning occurs; teaching being understood to 
lead development instead of responding to it.  
 
The second educative tool is the construct of scaffolding, a metaphor for the 
provision of temporary assistance as students perform a task just outside their 
competence (Stone 1998). The idea of scaffolding has been developed as a cognitive 
apprenticeship model of instruction by Collins, Brown and Newman (1990) where 
the teacher initially models strategies for the students and provides scaffolds to 
structure the work of the students. The teacher works with the students coaching 
them in specific skills as students are encouraged to reflect on and articulate their 
understandings. As the students gain competence the teacher’s scaffold is withdrawn 
(faded).  
 
The third educative tool, the precept of metacognition derived from sociocultural 
theory has been identified as the bridge between cognitive psychology and 
educational practice (Kuhn & Dean, 2004). In practical terms pedagogy that supports 
metacognition helps thinking become visible (McGuinness, 2005). Metacognitive 
practice, thinking about thinking can be stimulated in classrooms by presenting 
challenging intellectual tasks to students that encourage classroom interaction and 
reflection through group work and student-student, student-teacher talk. Within the 
cognitive framework of science literacy Klein (2006) says metacognitive practices 
include the social experience of students predicting, interpreting, and discussing 
scientific phenomena, and then from a linguistic perspective, concept mapping and 
talk followed by writing are of assistance to cognisance. Metacognitive development 
is initially overt, contextual and perceptually based, socially constructed and 
eventually covert within the individual (Klein, 2006; Kuhn & Dean, 2004).  
 
Constructivism and the contemporary views of education are inextricably linked 
(Matthews, 2000) and as such contemporary science educators accept that “the 
prevailing view of learning in science is a social constructivist perspective” 
(Goodrum et al., 2001, p. 9). Within the Department of Education Science and 
Training report, The Status and Quality of Teaching and Learning of Science in 
Australian Schools, Goodrum et al. (2001) incorporates constructivist rhetoric 
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students need the opportunity to “learn how”, rather than just “learn 
that”…students learning to take responsibility for their own learning…this may 
be achieved in part by negotiating the setting of goals in a collaborative and 
supportive environment, so that students feel confident taking risks within the 
learning process.  (pp. 10-11) 
 
 
With constructivism there is less emphasis on structuring goals, learning tasks and 
plans in advance; goals are supposed to emerge when situated learning takes place. 
Outcomes are not so much supposed to be prescribed to the learner as constructed in 
response to situational demands and opportunities; assessment being formative rather 
than summative assessing the learning process rather than the subject matter 
(Scheerens, 1997).  
 
A dilemma with constructivism, according to Simpson (2002), is when the teacher 
sets the standards and criteria; the teacher has the primary influence over the 
classroom. Constructivism is compromised where students may not construct 
meanings on their own, knowing high grades may be obtained by meeting the 
teacher’s standards and criteria. 
 
Constructivism as a theoretical referent to learning has been a valuable consideration 
within science, making educators aware of the human dimensions of science and 
alerting them to processes of learning, stressing the importance of understanding as a 
goal of science instruction. However, Matthews (2000) alludes to the fact that the 
constructivist epistemology does not have to be embraced by educators as a 
worldview it could be “…that the best of constructivist pedagogy can be had without 
[the] constructivist epistemology” (p. 20). Students in most cases stimulated by the 
constructivist epistemology are coaxed to contribute to knowledge building by 
sharing prior knowledge, progress their learning from the concrete to the abstract, 
collaborate with the teacher and amongst themselves, and be able to both reflect on 
their own work and accept and react to constructive criticism of others (Piburn & 
Sawada, 2000).  
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In summary, constructivism guided by Vygotsky’s thesis, is that knowledge is 
developed by continuing interactions between the child and the environment and this 
development of knowledge is partially the result of interactions at the biological, 
psychological, sociological and physical levels. Context is very important in this 
epistemological paradigm. Instruction approaches consistent with constructivism are 
scaffolding, teacher guided or prompted discovery, teacher modelling, and 
explanations tending to be less explicit than teacher-centred learning (Brown, Collins 
& Duguid, 1989; Harris & Graham, 1994). Brown (2003) reminds us of “Vygotsky’s 
recommendation for a gradual release of responsibility; teachers should gradually 
remove scaffolding as their students learn the concepts being studied” (p. 101) 
toward a more learner-centred approach. 
 
2.6.2.     Student-centred learning and learner-centred approaches 
A comprehensive definition of student-centred learning offered by O’Neill and 
McMahon (2005) included three major precepts involving “active learning, choice in 
learning and the shift from power in the teacher-student relationship” (p. 34). 
Student-centred learning according to O’Neill and McMahon (2005) is dependent on 
learner-centred approaches, citing Edwards (2001) emphasis on the value of student–
centred learning 
 
 
Placing learners at the heart of the learning process and meeting their 
needs, is taken to a progressive step in which learner–centred 
approaches mean that persons are able to learn what is relevant for them 
in ways that are appropriate. (p. 37) 
  
 
For the purposes of this study student–centred learning is contingent on learner-
centred approaches and the conditions that support these approaches (Table 2.3). The 
University of Glasgow in 2004, cited by O’Neill and McMahon (2005) identified 
four conditions (factors) that support student–centred learning practice at the 
University. The first condition is based on students actively acquiring knowledge and 
skills through experience. The second and third conditions are metacognitively 
orientated, helping the students to be more aware of what they are doing and why 
they are doing it by focusing on class interaction including discussion. The final 
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condition or factor is to focus on transferable skills. The last condition or factor is 
said not to be mentioned in other definitions of student-centred learning but does 
look beyond the immediate course requirements to other benefits to the student in 
later employment. From a science educative perspective all four student-centred 
conditions would be of value to enhance scientific literacy, toward acquiring the 
skills and knowledge associated with lifelong learning.   
 
Generally learner-centred approaches (Brown, 2003; Daley, 2003; O’Neill and 
McMahon 2005; Paris & Combs, 2000; Pedersen & Liu, 2003; Ryan & Patrick, 
2001) considered under the constructivist epistemology, focus on problem solving 
and reasoning and emphasise student improvement and learning for its own sake 
(Meece, 2003). By actively ‘doing’ science and then by thinking behind what they 
are doing, the students are developing a procedural understanding that is according to 
Duggan and Gott (2002) “a knowledge base in its own right equivalent to conceptual 
understanding” (p. 664). The idea of a procedural understanding following Dewey’s 
pragmatic suggestions (Pintrich, 2003) is where there is no distinction between 
knowing and doing, theory and practice (Prawat, 1996). Cobb (2002) contends 
theory and practice co-evolve as a reflexive relationship.  
 
Viewed from the perspective of adolescent learning, the middle school philosophy in 
the Australian context identified a need to focus on the development of a range of 
pedagogical practices to embed learner-centred approaches. These included 
strengthened teacher-student relationships that included time for student thought and 
exploration, extending social competencies, and provision for individual student 
differences (MYRAD, 2002).   
 
Contemporary perspectives of learning in science emphasise a more rigorous 
approach to science, allowing time to explore scientific concepts in depth (Bybee & 
Van Scotter, 2007). Holbrook and Rannikmae, (2009) suggest, if students are 
sufficiently motivated by a classroom situation that is comprehensible and perceived 
to fulfilling a social or personal need, they will participate in the learning. 
 
Both the middle school paradigm and the contemporary understandings of science 
education emphasise learner-centred approaches to reforms, reflecting a divergence 
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from the teacher-centred curriculum to a more democratic structure by enhancing the 
teacher-student relationship, seeking collaborative approaches to teaching, 
negotiating aspects of curriculum with students and integrating the personal and 
social concerns into the curriculum. Instead of learning being represented as a 
dualism, either teacher-centred or student-centred O’Neill and McMahon (2005) see 
a more useful representation as a continuum, moving within the “two contextual 
barriers”.    
 
Learner-centred approaches are primarily related to the constructivist view of 
learning and thus emphasis activity rather than passivity, where learners have 
increased responsibility and accountability for their learning. Students are provided 
with experiences and then expected to interact with each other and the teacher 
towards understanding what they are doing, why they are doing it, and toward 
situating their learning in meaningful contexts (McCombs, 2000; O’Neil & 
McMahon, 2005; Schuh, 2004). Learner-centred approaches in the study were 
conditional on activities that presented problem based experiences either in 
classwork or as project work with an emphasis on teamwork. 
 
The conditions (factors) to support the learner-centred approach have been arranged 
into four categories and presented (Table 2.3) as an adaptation from the fourteen 
original APA Task Force Learner-Centered Psychological Principles cited in 
McCombs (2001). 
 
To clarify the learner-centred conditions (Table 2.3) theoretical positions have been 
sought from selected sources proposed as a meta-theory. The theoretical positions 
include the works of Ames (1992), Eccles and Midgley (1998), Pintrich (2003) and 
Ryan and Patrick (2001) related to motivational theory as discussed in Section 2.4. 
Theory on student engagement is informed by work of Ainley and Ainley (2011), 
Fredricks, Blumenfield and Paris (2004) and Fredrickson (2001) also discussed in 
Section 2.4. Both cognitive and metacognitive theory is informed by work of Klein 
(2006), Kuhn & Dean (2004), McGuinness (2005), Piaget (1973) and Vygotsky 
(1931/1986) are discussed in section 2.6.1. Developmental and social factors are 
informed by the theories of Piaget (1973) and Vygotsky (1931/1986) are also 
discussed in Section 2.6.1. The theory on individual difference, informed by Self-
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Determination Theory (Ryan & Deci, 2000) discussed in Section 2.4 and Section 
2.4.2. This meta-theory is contextualised within the adolescent science classroom 
(Bybee & Van Scotter, 2007; Goodrum, Hackling & Rennie, 2001; Hanrahan, 2003; 
Holbrook & Rannikmae, 2009; Tytler, 2007) discussed previously in Section 2.5 and 
from the middle years perspective discussed in Section 2.4.4 (Bahr & Pendergast, 
2006; Beane, 1991; Boyd, 2000; Bragget, Morris & Day, 1999; Carrington, 2006; 
Chadbourne, 2001; Luke et al., 2003; Prosser, 2006; Prosser et al. 2008; Stevens et 
al., 2007; Tytler, 2007).  
 
Table 2.3 
Learner-centred conditions (factors)  
 
1. Motivational and affective factors: learning must be active; what is being 
learned must be relevant and meaningful. Learning must be contextually 
relevant; teachers should ensure that all students are learning at a level at which 
they can be successful. (Ainley & Ainley, 2011; Ames, 1992; Carrington, 2006; 
Chadbourne, 2001; Eccles & Midgley,1998; Fredricks, Blumenfield & Paris; 
2004; Fredrickson, 2001; Pintrich, 2003; Prosser et al., 2008 ; Ryan & Patrick, 
2001; Tytler, 2007);   
 
2. Cognitive and metacognitive factors: classrooms must be learner-centred not 
content-centred. Teachers should first consider learner related factors for 
example student’s needs, prior knowledge, talents, interests and social 
orientations. Teachers should also be reflective practitioners, constantly 
evaluating their teaching and its effects on students. Teachers should use 
scaffolding to help students understand and gradually remove the scaffolding as 
the students learn the concepts and then “let go”. (Bybee & Van Scotter, 2007; 
Goodrum, Hackling & Rennie, 2001; Carrington, 2006; Chadbourne, 2001; 
Diezmann & Watters, 2001; Klein, 2006; Kuhn & Dean, 2004; McGuinness, 
2005; Piaget,1973; Tytler, 2007; Vygotsky, 1931/1994); 
 
3. Developmental and social factors: instruction must be developmentally 
appropriate; students must be allowed to work together. (Bybee & Van Scotter, 
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2007; Goodrum, Hackling & Rennie, 2001; Carrington, 2006; Chadbourne, 
2001; Piaget, 1973; Prosser et al., 2008 ; Vygotsky, 1931/1986) ; and 
  
4. Individual difference factors: teachers must be mindful that learners are distinct 
and unique. Instruction must address many different learning styles; students 
should be presented with choices and many different types of assessment must 
be employed. (Carrington, 2006; Chadbourne, 2001; Ryan & Deci, 2000)  
____________________________________________________________________ 
 
2.6.3.     An ecological perspective 
As previously stated an ecological perspective would suggest that learning is 
systemic, generative and emergent; a complex interaction of the students, the teacher 
and the context. In the model presented (Figure 2.1), the broader learning 
environment is operationalised more so as an open ecosystem, both the content of the 
curriculum and the predisposing conditions that underlie learning (Table 2.3) are 
thought through from the constructivist epistemology, emphasising student-centred 
learning. The classroom environment, the context, operates on a level commensurate 
with a closed ecosystem in that it is the ritualistic enactments of science associated 
with constructivist principles of activity, interaction and reflection that are thought to 
consummate student learning.  
 
From this ecological perspective learning is suggested to be systemic, incorporating 
activities that provide student-centred conditions associated with motivational and 
affective factors (Table 2.3). These activities are generative in that they insist on 
interaction that is developmentally and socially appropriate (Table 2.3), within the 
ZPD. The emergence of scientific understanding is associated with cognitive and 
met-cognitive processes (Table 2.3) and teacher scaffolding of lessons. Personal 
meaning develops when the classroom collective mood is positively valanced, 
influencing individual difference factors that promote engagement in learning 
(Tobin, 2012).  
 
59 
2.6.4.     The general model 
Viewed from within an this ecological/holistic perspective (Gough, 2011), Figure 2.1 
presents a general model encompassing the factors (above) that impact on the 
adolescent learning environment and are integral to the study. When viewed from 
this ecological perspective the school and classroom environment are seen to be in a 
state of dynamic equilibrium. Ecosystems are active, adaptive systems that rely on 
interactions between the components and feedback mechanisms that perform 
regulatory functions. 
 
The goal of instruction was the production of Personal Meaning with particular 
reference to the personal acquisition of Scientific Literacy for the students. The 
participants include the teacher and students each represented by the oval shapes to 
the left and right of the diagram interacting and moving within a continuum, between 
teacher-centred and student-centred positions. The teacher lives in his own personal 
adult world but as a professional draws on his knowledge which includes knowledge 
of learners, subject matter knowledge (SMK), pedagogical content knowledge 
(PCK), general pedagogical, teaching knowledge (Ped. Kn.) and knowledge of the 
social and cultural context in which he lives and works. Similarly, the student as an 
adolescent is struggling with the process of initiation into adulthood. Both are 
attempting to reconcile their experiences, build identity and establish relationships 
and formulate personal goals while at the same time coping with the formal 
curriculum and building new subject matter knowledge based on prior learning. The 
centre of the diagram represents the school, and in particular, the science classroom. 
Contributions are made to the classroom by the styles, personality and approaches 
of the teacher and students, each represented by overlapping circles where students 
are helped to become aware of what they are doing and discovering why they are 
doing it. The intersection of these circles represents the ideal dynamic learning 
environment where shared experiences contribute to intellectual engagement and 
meaningful learning for both students and teacher. Coincidently the intersection 
appears as a convex lens which metaphorically allows insights by both students and 
teacher into the world of the other. The students gain through an appreciation of 
science and a grounding in scientific literacy and enhancing their transferable skills. 
The teacher as a reflective practitioner acquires the professional satisfaction of 
enculturation of the students into the domain of science. 
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Figure 2.1  Diagrammatic model of the factors impacting the learning environment 
2.7.     Research Question 
This section reiterates the scenario set in Chapter 1 and explains how the 
propositions and the research question were informed by the selected literature. 
2.7.1.     The propositions 
The previous sections have argued that adolescents in the middle years of schooling 
are disengaging from science. Although there has been widespread awareness of the 
middle schooling paradigm, there still appears to be a mismatch between the needs 
of young adolescents and the school environment. At a time when students are 
becoming more aware, more independent and more focused on peer relationships 
and social status, the high school is offering a curriculum that is becoming less 
personally relevant to their lives. Science education can further exacerbate the 
problem by presenting abstract concepts that have limited contextual relevance and a 
seemingly difficult vocabulary that further alienates adolescents from the curriculum 
(Tytler, 2007). Evidence suggests that a fresh look at the way adolescence is 
constructed (Stevens et al., 2007; Bahr & Pendergast, 2006) could influence how 
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middle schooling principles and the contemporary understandings of science 
education are thought through.  
 
From the theoretical framework five propositions were hypothesised. These 
combined aspects of learner-centred conditions and contemporary pedagogical 
practices associated with the middle school philosophy and science education. The 
first proposition relates to the promotion of a sustained, interactive classroom 
through developmentally appropriate conditions and contexts. The second 
proposition deliberates on the implementation of challenging activities that required 
students to collaboratively explore their learning environment. The third proposition 
proposes a variety of representations of scientific ideas and modes of presentation 
and assessment that promote a sense of deep and rigorous learning. The fourth 
proposition considers the provision of a curriculum that supports students to find and 
develop connections with their own experiences. The fifth proposition focuses on 
inclusivity and individual difference.   
 
The first three propositions were employed to inform the design principles 
underlying the instructional program. Students should be challenged to develop 
cognitively through the rigour of the scientific process and social interaction, to 
develop scientific ideas through re-visiting those ideas in different contexts.  
 
The fourth proposition, relates to the pedagogical approach taken within a 
curriculum where an initial explicit scaffold incorporates meta-cognitive approaches 
that invite communal reflection of scientific ideas. The theory suggests activities 
should try to be contextually relevant, explorative and open-ended, within recurring 
themes.  
 
The fifth proposition postulates as to why students as individuals may be drawn 
toward the adoption of scientific ideas. All five propositions arose from a unifying 
theoretical framework 
 
This chapter argues that the way scientific understanding is attained is not purely by 
a conceptualisation of scientific principles but a gradual perceptualisation of 
scientific ideas that can be supported by learner-centred approaches in the adolescent 
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classroom. Figure 2.1 represents the school and the classroom from the perspective 
of an ecological model; as an interactive environment. This proposed view (Figure 
2.1) suggests that learning in the classroom is systemic, generative and emergent 
through a complex educational process involving an interaction of people and 
contexts (Gough, 2011; Hodson, 2003). The literature suggests that student-centred 
learning can be supported by learning environments that offer an interactive 
classroom environment and presenting developmentally appropriate challenges 
where students feel a sense of belonging and competence both socially and 
cognitively. In these situations students may be more prepared to confront through 
the rigour of the scientific process a curriculum that offers experiences where they 
feel autonomous toward their learning.  
 
It was posited that a classroom environment that emphasised student-centred 
approaches as opposed to a transmissive style of teaching would be more responsive 
to the promotion of adolescent participation and thus engagement in learning 
science. In order to achieve the goals of the study, one research question was 
employed to guide the investigation. The research question was subsumed within the 
middle school philosophy and the concept of scientific literacy toward an 
understanding of how adolescent students could engage in lifelong learning of 
science: 
 
 
In what ways do student-centred approaches to learning influence adolescent 
participation in a science classroom? 
 
 
The study built on the ecological model of the classroom environment (Figure 2.1) 
and incorporated the learner-centred conditions categorised in Table 2.3. 
2.8.     Purpose of the study 
The purpose of the study was to firstly explore and describe how a learner-centred 
approach within an adolescent science classroom could contribute toward a further 
understanding and enhancement of the educational environment. The encouragement 
63 
of adolescent engagement toward a lifelong learning of science would seem 
contingent on both the promotion of the middle school philosophy and the concept of 
scientific literacy. 
  
Five areas have been identified through the literature that may assist in student 
participation and thus engagement with science in the classroom. The primary 
requisite toward student learning is thought to be enjoyment, doing science by 
participating in “fun” activity associated with Motivational and Affective Factors 
(Table 2.3) (Ainley & Ainley, 2011; Bybee &Van Scotter, 2007). Other requirements 
include the provision of appropriate challenges, through the rigour of science 
(students being placed in the scientific process) where context is seen as giving 
meaning to content through Cognitive and Metacognitive Factors (Table 2.3) 
(Tytler, 2007; Holbrook & Rannikmae, 2009). A more general requirement from an 
ecological (holistic) stance would see a curriculum that promotes a few key ideas 
(Bybee &Van Scotter, 2007; Shin, Stevens, Short & Krajcik, 2009) whereby 
understandings of these key ideas can be integrated with contextually relevant 
experiences associated with Developmental and Social Factors (Table 2.3). Finally 
students are more likely to personally construct scientific understanding if they are 
allowed to slowly align scientific theory with their experiences (Shwartz, et al., 
2008) in a classroom environment that promotes a sense of social cohesiveness 
associated with Individual Difference Factors (Table 2.3) (Ryan & Deci, 2001). 
2.8.1.     Summary  
The chapter presented an analysis of the literature and developed a theoretical 
framework that guided the implementation of the learning experience and the 
analysis of data. From the literature the theoretical and philosophical rationale of 
constructivism underlies modern educational reform. Constructivism as a 
sociocultural construct has been identified as a guide to both the middle schooling 
ideology and the contemporary understanding of science education and there is also 
a strong relationship between constructivism and student-centred practice. The 
literature reviewed consolidated a theoretical position on student engagement in 
science and strengthened an argument for a student-centred approach to be 
considered in adolescent science classes. This study is an attempt to consolidate an 
argument for a more student-centred approach from both a pragmatic and theoretical 
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perspective. The research question is employed to describe firstly what teaching 
practices influenced student participation and secondly through the literature present 
an argument as to why student-centred approaches can be influential in promoting 
increased student participation and thus engagement in science. An ecological 
perspective has been employed to help interpret the complex interaction of 
environmental factors within the science classroom An ecological perspective has 
been employed to help interpret the complex interaction of environmental factors 
within the science classroom. The impetus of the reform was to be able to maintain 
an appropriate balance (equilibrium) between student-centred and teacher-directed 
learning activities that complement each other (Hackmann, 2004).  
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Chapter 3:    Methodology  
The overall purpose of this chapter is to explain the design, methods and instructional 
program employed in the study. It outlines the case study approach taken to explore a 
learner-centred teaching program within an adolescent science classroom. The goal 
is to provide a student centred learning environment that enhances student 
engagement and motivation towards science.    
 
The case study approach (Yin, 2003) was adopted to guide the collection and analysis 
of both qualitative and quantitative data on the teaching and learning practices that 
took place during the implementation of a learner-centred teaching program. The 
case study permitted the investigation to retain a holistic overview of complex events 
(Burns, 2000) as they unfolded within the learning environment. The intention was to 
reflect on my own practices toward further enhancing my understanding of 
adolescent learning in science.  
 
This chapter is organised in three parts. The first part will explain the case study 
design (Section 3.1.1), the Research Question (Section 3.1.2). The second section 3.2 
will outline the context of the study and the participants (Section 3.2.1); this section 
will also discuss the data collection and analysis of that data (Sections 3.2.2 and 
3.2.3). The final part of the chapter (Section 3.3) will outline how issues of quality 
were addressed in the investigation and present concluding remarks about the 
research design. 
 
3.1.     Research Design 
3.1.1.     Case study approach 
The case study approach was adopted to guide the design of the study as an empirical 
enquiry to investigate and help understand a complex social phenomenon within its 
real life context (Burns, 2000; Yin, 2003). The focus of this investigation was to 
examine my own practices and the practices of the participant students during the 
implementation of a learner-centred teaching program, within the dynamics of the 
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classroom. Case studies are considered comprehensive empirical research approaches 
that encompass the design, data collection and data analysis toward expanding and 
generalising theories (Yin, 2003). The case study is said to be helpful in 
contemporary situations when the context is highly pertinent to the circumstances 
being observed and where there are many variables of interest. Thus case study 
approaches rely on many sources of evidence (Yin, 2003).  
 
As case studies strive towards a holistic understanding of a bounded system, the 
challenge in a case study is to develop and document rigorous approaches to data 
collection and analysis. It was particularly important to source multiple data and as a 
teacher/researcher I had the opportunity as an active participant and insider to view 
the events being studied.  
 
Evidence for this case study included video recordings, interviews, journal entries, 
graphical representations of lessons and a survey. The case study provided a 
predominantly qualitative methodological approach in that it was used to gain a 
depth of understanding of the adolescent classroom by focusing on the processes 
associated with student engagement, rather than specific measurable outcomes 
(Burns 2000).  
 
The case study approach can be represented as a funnel, as the focus developed the 
data narrowed down (Burns, 2000). The components of case study research design 
relied primarily upon establishing the initial focus of the study seeking to answer the 
adverbial questions (what, how, where and why). By focusing on the establishment 
of theoretic propositions an initial review of literature established the final research 
question and dictated what sort of evidence and data were to be assembled. 
Following the establishment of the unit of analysis, the specific case was narrowed 
down, leading to more specific propositions. Finally by linking data to the 
propositions (Burns, 2000; Yin, 2003) generalisations about the wider population 
could be inferred. The theoretical position in this case study was associated with the 
establishment of a learner-centred environment that incorporated the principles of 
scientific literacy from a middle years’ perspective toward making some 
generalisations about negating student alienation in science. McCombs (2001) 
addressed the problem of student and teacher alienation by describing learner-centred 
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conditions that could help create a respectful relationship between students and their 
teachers fostering a positive environment for learning. The learner-centred conditions 
(factors) considered pertinent to this study are outlined in Table 2.3. 
 
The goal was to provide a student-centred learning environment that enhances 
student engagement and motivation towards science. The study focused on a series of 
learner-centred approaches to teaching (Table 2.3) within the context of an 
adolescent science class that contributed toward and further enhanced my 
understanding of adolescent learning.  
 
Given constructivist theoretical assumptions as referents to teaching practice are 
predominantly driving current educational initiatives, especially in middle schooling 
(Carrington, 2006; Pendergast et al., 2007; Prosser et al., 2008) an investigation into 
adolescent students’ development, motivation and social relationships in the 
classroom may contribute toward more informed instructional initiatives (Ryan & 
Patrick, 2001). Cobb et al. (2003) state “general philosophical approaches to 
educational matters– such as constructivism – are important to educational practice, 
but they often fail to provide detailed guidance into organizing instruction” (p. 10). 
Although the constructivist academic environment demands a socially rich context, 
studies of adolescent motivation have relied mostly on surveys that included a social 
component (Gordon Rouse, 2003; Meece, 2003; Ryan & Patrick, 2001). However “in 
keeping with a learner-centred approach, the classroom needed to be viewed from 
the student’s perspective” (Meece, 2003, p. 113). In other words more qualitative 
evidence may be helpful to make connections between teachers’ practices and 
students’ perceptions of those practices that can either support or undermine student 
motivation and engagement (Ryan & Patrick, 2003).  
 
Case study enquiry is suited to help unravel an understanding of the complex 
learning ecology of the classroom; a learning ecology being defined as “a complex, 
interacting system involving multiple elements of different types and levels… the 
complexity that is the hallmark of educational settings” (Cobb et al., 2003, p. 9). The 
concept ‘a learning ecology’ sits well within the original metaphorical description of 
the classroom within an ecological framework. Case study methodologies focus on 
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the “why” and “how” questions; “why” a decision or set of decisions were initiated 
and “how” they were implemented and/or maybe adapted to new circumstances (Yin 
2003).  
 
Case studies are preferred when examining contemporary events, if the relevant 
behaviours cannot be manipulated (Yin, 2003). The original premise was to 
incorporate a focus on selected individual students to present mini cases within the 
class setting in order to extricate specific motivational beliefs related to the 
intervention (Brown, 1992). Logistically it was not possible to enlist individual 
students to develop mini cases within the school day; students seemed very 
comfortable within focus groups. As the study progressed, students related their 
understandings of the social, the motivational and the cognitive aspects, and 
misgivings they perceived of the classroom environment within the security of a peer 
focus group cohort.   
 
3.1.2.     The research question  
To realise the purpose of the case study one research question was used to guide the 
investigation. The research question was 
 
In what ways do student-centred approaches to learning influence 
adolescent participation in a science classroom? 
 
Research questions according to Yin (2003) should address issues of both substance 
and form; “substance (e.g., what is my study about?) and form (e.g., Am I asking a… 
“why” or “how” question?)” (p. 7). The research question was employed to 
illuminate a description, toward analysis and theorising an explanation of how a 
student-centred approach could help inform my understanding of student 
participation in learning as a teacher. The description and analysis of the student-
centred episode is captured in Chapters 5-9. An explanation of the practices guiding 
the organisational instruction of the student-centred approach adopted, are presented 
in Chapter 10.   
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3.2.     Methods 
3.2.1.     The context and participants of the study 
The study was undertaken in a regional coastal high school located in a mixed tourist 
and agricultural area. The socio-demographic of the Sandy Beach High School 
community was on the Index of Community Socio-Educational Advantage, (ICSEA) 
at a value of 976. ICSEA is a purported measure of educational advantage that the 
students of a school have. Every Australian school has an ICSEA value on a scale 
which has a mean of 1000 and a standard deviation of 100 (ACARA, 2012). ICSEA 
values range from around 500 (representing extremely educationally disadvantaged 
backgrounds) to about 1300 (representing schools with students with very 
educationally advantaged backgrounds). The formula for ICEA contains the 
following variables: ICSEA = Socio Economic Advantage (SEA) + Remoteness + 
Percentage Indigenous + Disadvantage Language Background other than English 
(LBOTE) (LBOTE combined with the percentage of parents with an education of 
Year 9 equivalent or below) (ACARA, 2012). SEA is calculated directly from census 
data and from information relating to parent occupation and educational background 
derived from student enrolment data. 
 
The student enrolment of Sandy Beach High School was approximately 1300 
students; the school population was increasing proportionately alongside a rapid 
population growth within the local area. Students were from predominantly Anglo-
Celtic backgrounds with a number of students being identified as either Aboriginal 
and Torres Strait Islanders (6%) and a smaller Pacific Islander population. The High 
School enrolment and attendance profile extracted from Sandy Beach High School 
annual report (2005) suggested a number of problems within the school population, 
that were perceived to be associated with a rapidly changing demographic (Sandy 
Beach High School, Annual Report, 2005). The report highlighted that: 
 
• The attendance rate for years 7-10 is below state and district average. 
• The student mobility was considered of concern, 30% of students enrolled in 
year seven would not complete the school certificate in year ten at Sandy 
Beach High School. 
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• The student retention rate was lower than many other district schools;  
Years 9-10 (88%), years 10-11 (82%) and year’s 11-12 (69%).  
 
The participants in the study were 29 newly enrolled year seven students who arrived 
from the various elementary schools both local and urban. The class was one of two 
parallel classes selected on academic merit as judged by the elementary schools. The 
school offered seven year 7 classes. The class consisted of 16 boys and 13 girls with 
an average age of approximately 12 years. As the teacher/participant I had thirty two 
years of experience as an Agriculture/Science classroom teacher, most of the 
experience teaching years nine through to twelve, predominantly from a more 
teacher-centred perspective. Student and parental permission was sought and granted 
prior to the study. This permission granted video recording of the class group, voice 
recording of selected student focus groups and the retention of work samples. 
 
3.2.2.     Data sources 
Classroom observations were imperative toward explicating the specific social and 
cognitive practices taking place, to explain what had and had not worked. To deepen 
the understanding of the phenomenon under investigation multiple sources of data 
were collected as both the means of guiding implementation of the program and 
supporting analysis of the study. Table 3.1 elucidates the data sources employed to 
capture the complexity of the classroom. Multiple sources of data both qualitative 
and quantitative helped elicit the dynamism of the student-centred learning 
environment. Seven sources of data were employed; one quantitative source, the 
Constructivist Learning Environment Survey (CLES) and six qualitative sources 
including the Science Classroom Observation Profile (SCOPS), video records and 
transcriptions of classroom observation, a record of my teaching reflexive journal, 
transcripts of focus group interviews and student work samples.  
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Table 3.1 
Evaluative tools used for data collection 
 
Focus Areas 
 
Learner-centred 
approaches 
Changes in the 
learning 
ecology 
Tools to assess student motivation and engagement 
(data sources) 
Learning for understanding 
(development of scientific literacy) 
Quantitative Qualitative 
States of matter 
 
Project-based states 
of matter 
Social Constructivist 
Learning Environment  
Survey (CLES) 
 
 
Observation and student 
feedback; Focus group 
interviews  
Teachers reflexive log 
Cognitive Concept mapping  
Artefacts 
Focus group interviews 
Water of the Region 
 
Project-based audio-
visual presentation 
Social (CLES) 
 
 
Observation 
Video feedback 
Teachers reflexive log 
 
Cognitive . 
Concept mapping  
Artefacts 
Focus group interviews 
 
Life-forms of the 
Region 
 
Community-based 
dune regeneration 
Social (CLES) 
 
 
Observation 
Video feedback 
Teachers reflexive log 
Cognitive Concept mapping 
Artefacts 
Focus group interviews 
 
3.2.2.1.     Trustworthiness, credibility and confirmability  
The psychometrics of (CLES) a quantitative instrument was considered important 
and is explained in detail (Section 3.2.2.8). From a qualitative research perspective, 
the traditional concerns of quantitative research, validity and reliability are suggested 
to be less valuable than the issue of trustworthiness (Confrey & Lachance, 2000; 
Shenton, 2004). These concerns of trustworthiness are the concerns of quality, about 
how the audience knows to trust the method and interpretation of the researcher 
(Confrey & Lachance, 2000). The concerns of quality and trustworthiness need to 
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assure the audience that these data are credible, transferability, dependable and 
confirmable (Guba & Lincoln, 1989). 
 
In addressing the issue of credibility consideration was given to how well I had 
constructed what the students experienced. Transferability depended on sufficient 
detail of the context to decide whether the findings can be applied to another similar 
context. The construct of dependability asked can the study be repeated and was 
associated with the stability of data presented. Finally confirmability, ensured that 
the findings of the research were grounded in the data. (Confrey & Lachance, 2000; 
Shenton, 2004). To assure trustworthiness the practice of relying on multiple sources 
of data is known as triangulation (Glesne, 1999). Triangulation is not just analysing 
multiple sources of evidence individually. As a way of increasing confidence in the 
research findings multiple sources of data have to corroborate the same phenomenon 
(Yin, 2003) by a convergence of evidence presented by the variety of data presented. 
The five data sources below were selected for the study to facilitate data analysis.      
 
3.2.2.2.     Classroom observation 
As a participant observer the teacher becomes a learner and the focus becomes all the 
participants. The advantage as a participant observer is to be able to perceive reality 
from the viewpoint of an insider, with the ability to manipulate events. A potential 
problem associated with being a participant observer includes potential biases 
compounded by the logistical problem of the researcher where it may be difficult to 
be at the right place at the right time (Yin, 2003). Video recording was used 
extensively to help enhance observation (Glesne, 1999). The trustworthiness of the 
study was extended by video records of prolonged engagement between the 
participants as a mechanism toward giving more credibility to the study (Shenton, 
2004). Video observation is described by Burns (2000) “as a process of waiting to be 
impressed by recurrent themes that reappear in various contexts” (p, 405). Video 
recording has advantages. Firstly it appears to capture much of the complexity of 
classroom interactions (Confrey & Lachance, 2000; Pedersen & Liu, 2003; Brown, 
1992; Palincsar et al., 2001; Patrick & Yoon, 2004; Yandila, Kormane & Moganane, 
2002). Secondly, video records provide a permanent record that can be viewed 
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repeatedly, preserving  interactions for later consideration and extended reflection on 
what is taking place in a lesson and why (Sherin, Russ, Sherin & Colestock, 2008).  
 
The video tape recorder was turned on before the students entered the room and was 
turned off at the end of the lessons. Although the camera was stationary, from time to 
time I moved the camera to view other areas of interest. Field trips were video 
recorded by the students themselves to observe what students found of interest. 
Video records were transcribed for both teacher-student interaction, and in some 
cases for audible student-student interaction. The dynamics of each lesson were 
analysed using a graphical observational tool the Science Classroom Observational 
Protocol System (SCOPS) (Stuessy, 2001).  
 
3.2.2.3.     SCOPS 
The SCOPS instrument was developed as a means of graphically visualizing the 
complexity of the classroom, “what actually goes on” in science classrooms (Stuessy, 
2002). The SCOPS tool has been employed in other studies (eg. Gerren, 2008). From 
video observation of the lesson, the “complexity” was coded on to the SCOPS 
scripting sheet below (Table 3.2). The Script (Table 3.2) was then transformed into a 
graphical representation (Figure 3.1) and used to create a profile of the lesson in 
terms of the complexity of the students’ learning experiences in the classroom. 
 
Table 3.2 
SCOPS scripting sheet 
Time      Student 
     centred 
What the  
teacher  
is doing 
      Levels of R&D and levels of 
                  representation  
         Levels of P&I and levels of 
                     representation 
Segm
ent 
M
inutes 
% R&D 
(red) 
P&I 
(red) 
What  
Information 
(content) the 
Students are  
Receiving?  
S 
(yellow) 
M 
(blue) 
P 
(green) 
What the 
Students are 
Doing? 
S 
(yellow) 
M 
(blue) 
 
P 
(green) 
 
 
Scripting consisted of noting changes in the activity (segments) during the lesson that 
were converted to a percentage of time (minutes) in the lesson. What the teacher and 
the students were doing (red) was recorded and represented as levels of either 
teacher-centred (R&D) or student-centred (P&I) activity. Levels of representation 
considered, symbols (S), manipulation (M) or pictorial (P) were recorded. 
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Figure 3.1 SCOPS graphical interpretation of classroom complexity. 
 
The diagram depicts activities of the teacher to the left of the central axis and 
activities of the students to the right. The graphical representation of the lesson 
timeline proceeded from bottom to top, the vertical axis indicating time segments in 
intervals of 10% of classroom time (0-100%). When the activity changed a new time 
segment (horizontal profile) began. The horizontal profile represented the changes in 
intensity of classroom activity, what the teacher was doing, (R&D) and what the 
students were doing, (P&I); the level of intensity represented by the number of 
coloured squares. Stussey (2002) stated that learning requires a ‘flow’, an exchange 
of feedback between the students Receiving instructions and Directions (R&D) from 
the teacher and students Performing and Initiating (P&I) activities. How scientific 
understandings were depicted was represented as coloured squares, (yellow) 
symbolic, words and numbers; (blue) manipulative, practical activity; (green) 
pictorial as diagrams and graphs. The use of multiple representations is thought to 
build on student learning by offering a variety of ways to interpret the natural world, 
and strengthening their foundational scientific understanding (Stuessy, 2002). Tytler 
(2007) argues for a multi-representational perspective to learning science; students 
developing a scientific understanding from a variety of modes.  
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3.2.2.4.     The teaching journal 
The teacher’s reflexive journal (Palincsar, Magnusson, Collins & Cutter, 2001; 
Pedersen & Liu, 2003) was a record of field notes being both descriptive and analytic 
(Glesne, 1999) that developed from my impressions and observations (Burns, 2000). 
The journal was a tool to both clarify my interpretations of classroom interaction and 
determine the proposed direction of the next lesson or lesson sequence. Reflexive 
commentary is said to strengthen “credibility” as patterns emerge in the data 
collected and theories emerge (Shenton, 2004).  The journal was written up every 
day after observation and transcription of the video records to the SCOPS scripting 
sheet (Table 3.2) and listening to focus group recorded interviews. The journal 
became the record of the teaching practice as well as recording potential issues of 
interest.  
 
This documented teaching record was especially important toward juxtaposition of 
the intended content and the actual context; in other words, my expectations of the 
lesson and what actually happened? Could the journal prove to be a source of bias 
considering the selectivity/availability (Yin, 2003) of the video observation? To 
balance this perceived bias I endeavoured to reflect on the ‘whole’ lesson using 
multiple data sources before entries were made.  
 
3.2.2.5.     Focus group interviews 
Interviewing more than one person at a time was considered more useful; according 
to Glesne, (1999) “children often need company to be emboldened to talk” (p. 68). 
The focus groups provided a vehicle for member checking, building on each other’s 
points, and thereby enriching the discussion of issues that arose from individual 
questioning (Pedersen & Liu, 2003). To gain rich data and enhance trustworthiness it 
was important to provide a permissive, non-threatening environment toward gaining 
student perceptions of the lessons presented (Krueger & Casey 2009).  
 
Focus group interviews were conducted in a quiet room away from student 
distraction directly after lessons for approximately 40 minutes; students volunteering 
to miss either the dance or drama elective lessons. Students usually presented as their 
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science collaborative group cohort, however from time to time other students would 
join the groups. Groups usually consisted of four or five members; nonetheless there 
were two groups of two students who preferred to stay together and not share their 
views with others. Interviews did not take place if the lesson was before recess, lunch 
or the end of the day. Members found the setting positive allowing for discussion 
between participants who would build on each other’s comments and hold each other 
accountable for the veracity of what was said based on their own experience 
(Linville, Lambert-Shute, Fruhauf & Piercy, 2003).  
 
As the interviewer I endeavoured to avoid asking “why” questions that participants 
may be unable to answer, using “how” questions in preference. Yin (2003) suggested 
the “how question [is] the preferred way of addressing any why question in actual 
conversation” (p. 90). Open-ended questioning techniques also were useful when 
asking respondents their opinions about events.  
 
Although focus groups were helpful in providing perceived causal influences they 
could also deliver bias due to poorly constructed questions, poor selectivity of 
questions and inaccuracies in respondent recall (Yin, 2003). Sample questions in the 
study included the following questions: What did you learn about today? What was 
helpful or unhelpful in your learning today and how was it helpful or unhelpful? Is 
there anything you would like to tell us about today (Adapted from Palincsar et al., 
2001)? Toward helping address trustworthiness of the study students were 
encouraged to be honest with their answers, by reminding them that there were no 
wrong or right responses to the questions asked (Shenton, 2004).   
 
3.2.2.6.     Inscriptions (student work samples)  
Artefacts provided a history (Glesne, 1999) of the students cognitive development; 
“these products provide another window on children’s thinking and learning 
throughout the instruction” (Palincsar et al., 2003, p. 20). The documents 
corroborated observations and interviews making the findings more trustworthy 
(Glesne, 1999). Artefacts, work samples were selected as examples of student 
reasoning and cognitive development and gave me an insight into their 
interpretations of scientific processes and understandings. These work samples were 
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the documented records of student learning, and as such the key ingredients in 
analysing student understandings.  
 
The weaknesses of depending only on student work samples as documented evidence 
of learning could be biased if the samples are only selected as meritorious examples 
and not as a means of discovering flaws in student understanding (Yin, 2003). 
Student work samples present data that confirm student scientific understandings at 
different levels (Confrey & Lanchance, 2000).  
 
Contributing to trustworthiness of the study, the work samples presented documented 
evidence of student scientific understanding, not just a pre-dispositional 
interpretation of the researcher (Shenton, 2004).  
 
3.2.2.7.     Concept mapping 
Concept mapping was sought to further explore the developing construction of 
conceptual understanding of scientific knowledge toward the end of the study 
(Simpson, 2001). Klein (2006) comments that concept mapping has a place toward 
developing a scientific literacy in that it is a practice that makes meaning of each 
scientific concept in relation to others particularly explicit and is useful toward 
improving students’ understanding of target concepts. Initially concept mapping was 
not introduced; the students were not familiar with the complexity of scientific 
reasoning or conceptual construction. Unhurriedly and unobtrusively I introduced 
concept mapping as a means of scaffolding new material, to build on existing 
knowledge (Davis, 2011). Students eventually started to develop simple concept 
maps as a way of rationalising how they would develop scientific ideas.  
 
3.2.2.8.     The Constructivist Learning Environment Survey (CLES) 
The Constructivist Learning Environment Survey (CLES) enabled me to monitor the 
development of constructivist theoretical assumptions in teaching school science 
(Dryden & Fraser, 1998). The CLES was used to provide teachers with a means of 
learning about their students' perceptions of the extent to which the classroom 
learning environment enabled them to reflect on their prior knowledge, develop as 
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autonomous learners, and negotiate their understandings with other students (Taylor, 
Fraser & White, 1994). The CLES has been widely used in learning environment 
studies (Nix, 2012) and has the explanatory power to identify multiple learning 
environments within the one classroom (Taylor, Dawson & Fraser, 1995). The CLES 
contains 30 items altogether with six items in each of the five scales. The revised 
CLES has a 5-point Likert-type frequency response scale which comprises the 
categories: almost always (5 points), often (4), sometimes (3) seldom (2), and almost 
never (1). The maximum possible mean score of each 6-item scale was 30 and the 
minimum possible scale mean score was 6.  
 
The five scales address: 
 
•  Personal relevance concerned with the perceived relevance of school science 
to students' out-of-school experiences; 
•  Uncertainty, where students are given opportunities to experience the 
inherent uncertainty and limitations of scientific;  
• Critical voice the extent to which a social climate has been established in 
which students feel that it is legitimate and beneficial to question the 
teacher's pedagogical plans and methods, and to express concerns about any 
impediments to their learning;  
• Shared control, where students have opportunities to develop as autonomous 
learners and  
• Student negotiation opportunities which exist for students to explain and 
justify to other students their newly developing ideas (Taylor, Fraser & 
White, 1994). A copy of the CLES is contained in the Appendix-2. 
 
 The revised CLES (Dryden & Fraser, 1998) was administered to the year seven class 
(N=29) as both a pre-test and post-test. 
 
3.2.3.     Data Analysis 
Yin (2003) suggests when conducting a case study the investigator must be sure to 
cover two steps (Figure 3.2). The first step is to select specific types of changes that 
are to be studied (and relate them to the original objectives of the study). The second 
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step is to demonstrate that the selected measures of these changes do indeed reflect 
the specific types of change that have been selected.  
 
The data analysis followed the two steps referred to above. In the first step, a 
preliminary analysis tracked the changing classroom environment (Figure 3.2). The 
second step, the final analysis was to construct a coherent story of student 
engagement in science (Figure 3.3). I was looking for evidence of student-centred 
practice that engaged the students through participation in the scientific process and 
contributed to or influenced a developing understanding of science. Multiple sources 
of data were analysed by a rigorous and prolonged process on two levels.  
 
 
Figure 3.2 Preliminary analysis 
The first level of analysis (Figure 3.2) was immediately after the data were captured 
each day. Video recordings were viewed and scripted to develop a graphical 
representation of the lesson (SCOPS). Concurrently a preliminary listening of focus 
group interviews for that day was undertaken followed by writing the reflexive 
teaching journal. 
 
Artefacts were selected and examined for evidence of student scientific 
understandings. The selected student work samples were interpreted within a science 
literacy framework. Initially I was looking for evidence of scientific knowledge 
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including conceptual understandings related to cause and effect, specific vocabulary 
and logical structure of the report. Scientific process was assessed by looking for the 
conventional methodological representations of data presentation and concluding 
remarks. Scientific application was judged by any reference to the concepts 
illustrated using examples outside of the classroom learning environment. The 
artefacts presented were assumed to be the externalisation of student understandings 
as models; in this case student models were defined as the presentation and 
explanation of student work presented (Merritt, Krajcik & Shwartz, 2008). 
 
Figure 3.3 Final thematic analysis 
 
The second level of analysis (Figure 3.3) became the final thematic analysis; video 
recordings and focus group interviews were transcribed, and the teaching journal and 
student artefacts were re-visited and aligned within a learner-centred framework. 
Quantitative data (CLES) were statistically analysed (Table 5.2 and Table 5.3) and 
SCOPS graphical representations of classroom dynamics were included with 
qualitative data of each lesson. It was in the final thematic analysis that a coding 
system was developed, linked to rudimentary propositions initially associated with 
social interaction, cognitive change (challenge, rigour and the scientific process) and 
motivational change (Table 3.3) that eventually gave rise to the design of an 
interactive model to inform my teaching.  
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By a process not dissimilar to producing a picture by adding overlays, evidence of 
themes began to emerge. Convergent evidence was identified and assembled from 
SCOPS graphical representations, selected classroom video recorded transcripts and 
student work samples. Focus group transcripts (student voice), my teaching journal 
and further video observations were employed to help verify recurring themes 
displaying an understanding of how student-centred practice can influence student 
participation and engagement in science. To maintain trustworthiness I explained all 
data-gathering procedures (Table 3.1) and included timing and timelines of 
observations in the teaching journal. Trustworthiness was further validated by 
participant observation within the natural setting reflecting the reality and complexity 
of the classroom, showing this intervention could be repeatable outside of the Sandy 
Beach High School context. Trustworthiness was further assured by the technique of 
triangulation (Burns, 2000). The following (Table 3.3) endeavours to summarise the 
justification for the collection of data by mapping these data sources to the research 
question.  
 
Table 3.3 
Mapping of data sources. 
 
Research 
question 
Social 
interaction 
Cognitive 
change 
Motivational 
change 
Scientific 
literacy 
Trustworthiness 
 
In what ways do 
student-centred 
approaches to 
learning influence 
adolescent 
participation in a 
science classroom? 
 
CLES 
Focus 
groups 
Observation 
Video 
feedback 
 
Artefacts 
CLES 
Concept 
maps 
 
Focus groups 
Journal 
Artefacts 
CLES 
Concept 
maps 
Interviews 
 
Artefacts 
CLES 
Focus groups 
Journal 
SCOPS 
Triangulation 
Video records 
 
 
 
3.3.     Limitations and Risks 
The case study endeavoured to describe and explain the complexity of a learning 
environment. Cobb (2002) inferred that within the context of classroom research the 
challenge is “to develop interpretive frameworks that enable us to see pattern and 
order in the complex, messy and sometime chaotic events that characterise classroom 
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life” (p. 54). This challenge could be interpreted as a limitation to classroom studies. 
Data collection could prove to be both overwhelming through the rigour of collecting 
multiple sources of evidence, and daunting due to the prospect of collating data into a 
coherent story. Apart from the complexity of data collection in the classroom, only 
one observer-teacher-researcher amassed the data over approximately six months.  
 
With only one data collector, a potential bias has to be considered as the observer-
researcher may assume a position of advocacy toward the intervention and could be 
further distracted to see events from all perspectives. Reflexive journals also can 
produce a potential risk in that one “may focus as much on self as the other” (Glesne, 
1999). The Hawthorne Effect (Burns, 2000) could have been initiated where the 
observer-teacher-researcher’s enthusiasm and expectations both influence and 
enhance the performance of the class and thus the data collected. Alternatively, 
Brown (1992) points out the Hawthorne Effect can be exploited as the practicality of 
“improved cognitive productivity” is the quest. The case study endeavoured to 
become, through rigorous data collection and analysis, a theoretical rationale for why 
things did not work, and conversely why they did work.  
 
3.4.     Summary 
It has been suggested that contemporary science teaching is out of step with the 
needs and motivations of adolescents. A metaphor of the classroom explicated 
through an environmental framework became the impetus to improve and re-stabilise 
the classroom environment creating a balance between teacher-centred learning and 
student-centred learning in the belief that this approach can become a template for 
educational reform. 
  
Constructivism has become a referent that could guide reform through the auspices 
of middle schooling, and the concept of scientific literacy in the form of learner-
centred practice. Multiple sources of data were sought to strengthen and contribute to 
an understanding of the learner-centred philosophy, emphasising that the concept of 
learning as a process is not isolated, it is socially mediated and action orientated.  
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This chapter explained the procedural mechanisms employed and the design 
principles established. These design principles included the delivery of the 
intervention, sources of data collected and subsequent analysis of that data. The 
chapter concluded with the risks associated when conducting a predominantly 
qualitative study in the vibrant environment of the adolescent science class. The 
subsequent chapters rely on data generated during the study to answer the research 
question: 
 
 
In what ways do student-centred approaches to learning influence 
adolescent participation in a science classroom? 
 
 
The research question was to be interpreted from two perspectives. The first 
perspective was a pragmatic perspective, to identify what’s happening in the science 
classroom, and describe the teaching practices that influenced student participation 
and thus engagement in science (Chapters 5-9). The second perspective was to 
attempt to elucidate a more theoretical understanding as an explanation, for “what 
cause and reason” adolescent students are more apt to be engaged by and thus 
participate in science (Chapter 10).   
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Chapter 4:     The Instructional Program 
This chapter describes the design of the instructional program. It first addresses the 
design principles and then outlines the content and delivery schedule. 
 
4.1.1.     4.1 Design Principles 
As the teacher/researcher I was prepared to challenge my existing approach to the 
teaching of science in the middle years of schooling, and work from a different 
paradigm influenced by the middle school philosophy, within a framework closely 
aligned with scientific literacy. According to Holbrook and Rannikmae, (2009) there 
are two views of science literacy; one a short-term view that concentrates on the 
products of science and the other a longer-term view that emphasises the enablement 
of people to participate in decisions about the world from a sociocultural perspective. 
The instructional program was designed with the latter view in mind.  
Two problems were identified by the literature. One problem being the overreliance 
on transmissive forms of lesson presentation leading to a question of curricular 
structure, and the other problem is associated with pedagogical practices that could 
contribute toward destabilising the classroom environment. To help alleviate the 
problems identified it was argued that a classroom environment that emphasised 
student-centred learning over transmissive styles of teaching would be more 
responsive to the promotion of adolescent participation and thus engagement in 
learning science. The instructional program (Figure 4.1) was designed to present a 
more relevant student-centred view of the curriculum, incorporating pedagogical 
practices that would complement learner-centred conditions (Table 2.3).  
 
The underlying principles of the instructional program were derived from the 
theoretical framework (Chapter 2). The principles combined aspects of learner-
centred conditions and contemporary pedagogical practices associated with the 
middle school philosophy and science education. Beane (1991) suggested that a 
curriculum for middle schooling should focus on shared interests of young 
adolescents; creating opportunities to develop their academic and social 
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competencies. Middle schooling should also create an environment or climate where 
students feel secure as risk-takers. The curriculum should also recognise that young 
adolescents are participants in the wider community or as conceptualised in this 
study, part of an ecosystem.  
 
From an Australian middle schooling perspective, MYRAD (2002) identified a need 
to focus on the development of a range of pedagogical practices that included 
strengthened teacher-student relationships based on constructivist methods. These 
practices included time for student thought and exploration, extending social 
competencies, and provision for individual student differences.  
 
From a scientific perspective, Tytler (2007) suggested learning in science should 
consider contextual, social, cultural and psychological factors that influence different 
learners’ engagement with the task; a more holistic (ecological) approach. Hence, 
opportunities for students to participate in an interactive environment, working 
collaboratively as a means of affirming their scientific understanding were embedded 
into the instructional program. Vosniadou (2012) suggested it may be more profitable 
to design curricula that focus on a few key concepts in detail, rather than cover a 
great deal of material superficially. A superficial coverage of scientific concepts is 
thought to encourage misconceptions of scientific understandings. 
 
The goal of the instructional program was to provide a student-centred learning 
environment; the goal of the study was to report on how the learner-centred 
approach could assist students to participate in their learning. Student-centred 
approaches offer more attention to the social and academic outcomes (Bahr & 
Pendergast, 2006; Carrington, 2006; Prosser, 2008). Students working 
collaboratively, making new knowledge linked to previous experience (Daley, 2003; 
McCombs & Whistler, 1997). Carrington (2001) suggests within the constructivist 
epistemology there is less emphasis on structured goals, learning tasks and plans, 
learning goals are supposed to emerge when situated in appropriate contexts. Thus, 
opportunities for students to negotiate learning pathways and to question the 
relevance of learning experiences were core considerations built into the design of 
the curriculum.  
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The learner-centred approaches presented were conditional on activities that 
presented problem based experiences either as classwork or as project work with the 
emphasis on teamwork, and incorporated the four learner-centred conditions 
presented in Table 2.3. Novel activities were seen as a way of stimulating student 
intrinsic interest related to motivation and affective factors. Re-working content in 
new contexts via projects and class work was associated with cognitive and meta-
cognitive factors. Initially students were given considerable opportunity to 
experience hands on group activities before the introduction of abstract concepts 
related to developmental and social factors and open-ended activities and assessment 
work factored in consideration for individual difference factors.  
 
The instructional program (Table 4.1) was administered in the complex naturalistic 
setting of a classroom. Learner-centred approaches were guided by the learner-
centred conditions (Table 2.3) within the ecological model of the classroom (Figure 
2.1). The ecological model suggesting that learning in the classroom is systemic, 
generative and emergent through a complex educational process involving an 
interaction of people and contexts (Gough, 2011; Hodson, 2003).  
4.2 Coherence of the program 
Details of the instructional program are outlined in Table 4.1. The instructional 
program stipulates the curriculum focus areas covered, the scientific concepts to be 
considered, the content to be developed, the timing of tasks to be undertaken and 
instructional approaches adopted. The instructional program was somewhat less 
prescriptive than the original Sandy Beach High School science program (see 
Appendix 1) and was designed as a means of explicating the students’ own way of 
knowing: moving from the concrete toward the abstract (Piaget, 1973; Vygotsky, 
1986). I wished to create a more holistic view of science where students were doing 
science, rather than being introduced to the decontextualised concepts of subject of 
science. Instead of a tenuous and laborious “Introduction to Science” proposed by the 
original Sandy Beach High School program (Appendix 1), the students were 
immediately immersed in the practices of science, learning the ways of science ‘on 
the fly’. To initiate this less prescriptive instructional program it was important to 
establish a community ethos of mutual respect as quickly as possible, both in a 
concern for student safety and student welfare. Practical ‘hands on’ activity offered 
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students a medium to get to experience and establish some rapport with other 
students and myself. 
 
The teaching content was prescribed by the DET Science Syllabus and would be 
tested at the end of each semester. The Sandy Beach High School curriculum 
progressed around a cyclical time-table. In the junior school the core subjects 
(including science) were timetabled 3 - 5 times a week with an average of 50 minutes 
a lesson, lessons dropping out for sport and assemblies.  
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Table 4.1 
The instructional program 
Focus Areas Term/ 
Weeks 
Concepts Conceptualisation Learner-
centred 
approaches 
Laboratory safety 
U
se scientific equipm
ent 
M
ake and record observations 
D
raw
 conclusions based on inform
ation presented 
M
anipulate and interpret data from
 graphs and tables. 
Particles 
of Matter 
1/ 
1-10  
States of matter 
Properties of 
matter 
Particle theory  
Particles of matter 
sustain all life-
forms  
Make a model of the 
water-cycle in the 
laboratory Make a 
Cartesian diver  
Weigh balloons 
Make a simple 
thermometer 
Produce a slide show 
explaining states of matter 
and their properties*  
Learning 
teams 
 
Problem-
based 
learning  
 
Project-
based 
learning  
 
Water of 
the 
Region 
2/ 
1-6 
The forces that 
influence the 
hydrosphere. 
The properties of 
water. 
The states of 
water 
The distribution of 
water. 
Water is a finite 
asset. 
Water sustains 
life. 
Read tide charts. 
Graph time taken and 
temperatures to boil salt 
water. 
Determine the salt content 
of creek water and water 
from beach rock pools. 
Determine the water 
content of popcorn. 
Audio-visual presentation*  
Learning 
teams 
 
Problem-
based 
learning  
 
Project-
based 
learning  
Life-forms 
of the 
Region 
2/ 
7-10 
Characteristics of 
living things. 
Life-forms can be 
classified 
(living/non-living) 
The five (5) 
Kingdoms of 
living things. 
Diversity of life-
forms within 
specific niches. 
Observe and record life-
forms of beach rock pools 
and creek.  
Dune Transect 
Microscopic examination 
of organisms. 
Grow sprouts at home 
Make a dichotomous key. 
Co-work with local dune-
care group to identify, 
record, and remove weeds 
from bush land and dunes. 
Collect seed from 
indigenous species to be 
propagated for future 
regeneration. 
 
Learning 
teams 
 
Problem-
based 
learning  
 
Project-
based 
learning  
 
(Asterisks* denote prescribed assessed group projects) 
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4.3 Implementation 
The instructional program was implemented over one semester (two terms), in all 20 
weeks. During the first term the students performed a series of set “hands on” 
activities relating to particle theory (Table 4.1). Water became an underlying theme 
through which students could anchor their thoughts about particles of matter, water 
being a resource that offered many relatively easy and safe ways to exemplify states 
and properties of matter. The theme of water was considered relevant to the students 
participating in the study as most had experienced some form of aquatic activity as 
part of their coastal lifestyle.  
 
In Term 1, prior to the study (the first ten weeks), my initial thoughts toward the 
study were to encourage the students to perform set practical exercises in a way that 
may be novel, and help precipitate the development of a core understanding of how 
materials behave when subjected to different physical conditions, and relate these 
behaviours to the properties of matter (Sherman, 2004) (Table 4.1). Activities 
selected were simple one-period exercises within the reductionist paradigm proposed 
as opportunities to encourage students to collaboratively observe and describe simple 
scientific processes within self-allocated groups. Lessons were presented as a 
compromise between the prescriptive syllabus which would dictate content of exams 
and the establishment of a familiar routine working environment leading to a more 
autonomous classroom setting.  
 
The students were able to physically manipulate objects in the concrete domain 
before they were introduced to the more abstract concepts of science (Stuessy, 2001). 
A demonstration would proceed the activities, then the students were encouraged to 
perform simple scientific group investigations in order to become familiar with the 
scientific apparatus, and to establish safety techniques within a social environment 
where they could feel comfortable communicating with both myself and fellow 
students. The students collaboratively manipulated laboratory equipment, observed 
some sort of physical change and then after task completion the class was 
encouraged to discuss the findings. This style of lesson culminated with a simple 
diagrammatic explanation and a conclusion, usually communicated by myself. In 
week-10 a group project denoted by an asterisk * (Table 4.1) was prescribed 
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involving the production of a slide show (Power-Point Presentation) explaining the 
states of matter and their properties using internet facilities of the school and home. 
 
At the beginning of Term 2, (the initiation of the study) the lessons were structured 
similarly to the first 10 weeks of high school. As the students became more confident 
and proficient within this classroom environment they were given more time to 
explore scientific phenomena associated with water as a means of developing an 
over-view of properties of matter. This became a series of extended activities with 
more a holistic approach, rather than exercises; the focus was on the properties of 
water. The expectation was that the general principles associated with the properties 
of water could be applied to particle theory and eventually interpreted within the 
context of student experiences to the broader environment.  
 
The second term was conceptualised as a fusion of scientific ideas by integrating the 
topics of “Particles of Matter” within the local context of water “Water of the 
Region” and living things “Life forms of the Region”. The local habitat provided a 
focus, linking the class community to the environment through the means of 
observation, measurement and manipulation of that habitat. Linking the class to the 
outside community via the local volunteer dune-care group was postulated to 
contribute toward student interest and understanding. Building on previous 
experience, and thus developing further understanding of the principles, processes 
and practices of science; helping augment a scientific literacy.  
 
In Term 2, Week-4, the students were prescribed a loosely defined group project 
(denoted by an asterisk * in Table 4.1) set around the common theme “water”. The 
project directed self-allocated groups of between two and five students to submit a 
presentation using audio-visual technology (duration 5 minutes or negotiable) which 
may include one of the following: 
• A practical lesson with reference to water that the class can duplicate (not 
previously attempted);  
• A topical newsworthy story about a water problem associated with local 
waterways;  
• A local history of the waterways;  
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• Facts about water;  
• Produce a water saving device; 
•  Measure a water saving device or  
• A topic negotiated with the teacher about water.  
 
The open-ended format of the project was designed to help students construct 
knowledge of water from their perspective that might be more relevant to their lives.  
 
The students selected their own groups usually defined by friendships already 
established within the classroom; conversely in some cases groups chose their 
members for convenience, related to the proximity of each other’s homes and the 
resources selected.  
 
Throughout the term the class continued to work on the audio-visual presentation 
sporadically, either in lesson time or when the audio-visual room could be booked. 
This was done within the context of a new focus-area, Life-forms of the Region. A 
further project, a community project involved the students working with the local 
dune-care group, planting trees on a sand dune close to the beach. The object of this 
activity was to help re-establish the original plant diversity lost to sand mining. The 
students had developed some prior knowledge of this environment having conducted 
a survey (dune transect) of the diversity of life-forms found on the sand dune 
(Lesson-20). I envisaged the re-generation project to be a means of extending student 
scientific foundational knowledge from a procedural understanding via the survey; 
the students then re-applying their knowledge in a practical way.  
 
4.1.2.     4.4 Summary 
The design principles underlying the instructional program were derived from the 
theoretical framework (Chapter 2).The design principles where based on 
contemporary constructivist theorise associated with middle schooling and science 
education from a student-centred perspective. 
 
93 
Initially I wished to create a sustained interactive classroom climate by the 
implementation of activities that required students to collaboratively explore their 
learning environment. Learning was to be enhanced by presenting a variety of 
representations of scientific ideas and modes of presentation and assessment that 
could promote a sense of deep and rigorous learning. 
 
Each of the following five chapters will present propositions that represent key 
findings of the study. The teaching program which constituted the intervention was 
developed on the premise that in the context of science, middle school students are 
not easily engaged in learning, and may be perceived to be “at risk”. However the 
instructional program was designed to challenge the deficit view of adolescence 
(Prosser, 2006), arguing that early adolescent students are committed to learning if 
given an appropriate learning environment.  
 
Within the context of the study, data are presented that elaborate the importance of 
five general principles (propositions) emanating from the meta-theory proposed via 
learner-centred conditions (Table 2.3) that contribute toward a more effective 
learning environment for adolescent students. The first principle involved providing a 
classroom social climate that encouraged student interaction, actively engaging 
students through developmentally appropriate conditions (taking an interest) and 
contexts (providing activities). The second relied on presenting challenging activities 
that require students to collaboratively explore their learning environment.  
 
The third principle necessitated providing a variety of representations of scientific 
ideas and modes of presentation and assessment that provide deep and rigorous 
learning. The fourth principle was to support students to develop connections with 
their own experiences, and the final principle was the need to promote learning 
environments that are both inclusive and supportive of individual differences.  
 
The data reported below are both quantitative and qualitative as outlined in Chapter 
3. The SCOPS instrument provided a graphical depiction of whether the lessons were 
teacher-centred or student-centred, and provided pictorial representation of the 
development of scaffolds during the lessons. The following presents data as a 
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narrative description of the development of the five propositions prescribed by the 
research question.  
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Chapter 5:    Classroom Climate 
The first proposition arising from the theoretical framework of the study in 
consideration of my future teaching practice included the provision of: 
 
 
A classroom climate that encourages interaction, and actively engages 
students through developmentally appropriate conditions (taking an 
interest) and contexts (providing activities). 
 
 
5.1.     Introduction 
The work associated with middle schooling paradigm as outlined in Chapter 2 
argued that student interaction should occur as a democratic dialogical process, 
offering students the opportunities to develop their academic and social 
competencies (Beane, 1991). An example of how this was achieved is captured in 
the following vignette. 
5.1.1.     Vignette one: framing a classroom climate through activity.  
The following vignette describes a practical lesson at the beginning of Term 2. The 
lesson (lesson 1) focused on the concept of diffusion of particles taken from a theme 
related to particle theory. Prior to the lesson and continuing into future lessons an 
opportunity was presented for the students to actively explore through ICT the 
theoretical component of “states of matter”(Table 4.1) in an attempt to align the 
theoretical  representations of  the particle model  within the activities offered to the 
students (student practice). I felt the students may be able to construct their own view 
of the particle model by making sense of their own practice; relating practice to 
theory.  
 
Consider the initial exchange between myself and the students. Students were 
presented with the task of performing a practical exercise to help explain the process 
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of diffusion in liquids. Crystals (Potassium Permanganate) were dropped down a 
plastic drinking straw in a beaker of water and the resultant diffusion of colour was 
observed. In this instance I orally explained my expectations of student involvement 
in respect to the learning outcomes and demonstrated how the students should 
participate in the activity.  
 
I focused on encouraging the students to work collaboratively in groups towards 
developing a scientific inference. As with most of the initial activities in Term 1, 
student observation of results was considered sufficient. I would help the initial 
interpretation of the results through class discussion. The students were then 
expected to formalise the results and conclusion in their work books as a record of 
the activity, although the formats may vary. I had initially not provided a written 
scaffold for the practical activity but expected the students to develop an independent 
or negotiated interpretation of the aim, the method and the conclusion. The following 
transcript captures an exchange between me (T) and students (S).  
 
1.  T-John, we have not written it up. I expect you to be able to do this without 
writing it up. 
2.   Trevor-When do you put the straw in the water?  
3.  T-You figure it out. 
4.  John-What happens if you don’t use the straw? 
5. John-I know what happens! It goes all muddy, it’s just spreads more. 
 
The activity (lesson 1) began with me conveying my expectations to the students by 
singling out a student and directing attention to the task (line1). The intention here 
was to encourage John’s attention as he appeared to be initially off task. This strategy 
was not just to engage John but also to deliver the message to all class members. 
Knowledge of the student’s name was of advantage, in this case to bring John back 
on task, but could also be perceived as taking an interest in the individual student. 
Students’ value teachers taking an interest by acknowledging them personally, as 
Melisa later recalled 
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I find it annoying that teachers don’t know your name.  
(Melisa, interview 06/08/05) 
 
Ryan and Deci (2000) suggest, the primary reason people initially perform actions is 
to feel attached or related, to feel a sense of belonging. In this case by recognising 
John I was able to show my interest in John and my view that his contribution to the 
class was valued as a competent member of the class. Melisa wished to be recognised 
as a class member; recognition generating a sense belonging. Having gained the 
classes’ attention, I then demonstrated the task and asked students to replicate the 
procedure. Once the students had replicated the procedure, I wanted them to re-
design appropriate ways they could perform the investigation. Different groups 
discussed the activity, and then began to enthusiastically work at it.  
 
Students asked questions (lines 2 and 4). I did not immediately answer because I was 
intent on them trying different permutations of the activity (line 3). I was 
encouraging the students to assume a more independent role. John in turn responded 
with his observation of this experience (line 5). Trevor in collaboration with John 
was working through their design and testing the idea of diffusion. The lesson 
concluded with a discussion initiated by me as to what had happened, relating 
particle theory to why the colour had spread, which included pictorial representations 
drawn on the board. 
 
5.1.2.     Analysis of vignette 
The analysis of quantitative data from the CLES instrument is presented first 
followed by the analysis of qualitative data. 
5.1.2.1.     Quantitative Data (CLES) 
The revised CLES (Dryden & Fraser, 1998) was administered to the year 7 class 
(N=29) both pre-test, post-test. The CLES contains 30 items altogether with six items 
in each of the five scales, Personal relevance, Uncertainty of science, Critical voice, 
Shared control and Student negotiation The revised CLES has a 5-point Likert-type 
frequency response scale which comprises the categories: almost always (5 points), 
often (4), sometimes (3) seldom (2), and almost never (1). Therefore, the maximum 
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possible mean score of each 6-item scale was 30 and the minimum possible scale 
mean score was 6 (Taylor, Dawson & Fraser, 1995). 
 
 
Table 5.1 
CLES descriptive statistics 
 Pre Score Post Score 
 
Mean 
Std. 
Deviation 
Mean Std Deviation 
About the World 
(Personal 
relevance) 
18.78 2.82 19.85 3.43 
About Science 
(Uncertainty) 
19.30 3.24 20.00 3.22 
Speaking out 
(Critical voice) 
20.63 5.79 23.04 5.80 
Learning to Learn 
(Shared control) 
13.52 5.94 13.15 6.39 
Communication 
(Student 
negotiation) 
23.26 5.21 24.26 4.83 
 
A repeated ANOVA procedure was conducted to test the null hypothesis H0: There 
are no differences between population means on each of the dimensions of the CLES.  
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Table 5.2 
Repeated ANOVA within subject effects 
Source Type III 
Sum of 
Squares 
df Mean 
Square 
F Sig. Partial 
Eta 
Squared 
About the World 
 
15.574 1 15.574 1.667 .208 .060 
About Science 
 
6.685 1 6.685 0.530 .473 .020 
Speaking out 
 
78.241 1 78.241 3.339 .079 .114 
Learning to 
Learn  
1.852 1 1.852 0.054 .817 .002 
Communicating 
 
13.500 1 13.500 0.629 .435 .024 
 
The observed p values are above the traditional critical value of 0.05 and hence the 
null hypothesis would generally be considered as confirmed. However, the difference 
in pre-test and post-test scores on the Speaking Out dimension is inconclusive. The 
Cohen Effect size is 0.42 [((23.037-20.63)/5.8)] which is generally considered a 
moderately large difference (Cohen, 1988).  Over-reliance on accepting p at 0.05 has 
been critiqued and researchers have been advised to consider all the other evidence 
about the hypothesis (Goodman, 1999). The evidence emerging from the qualitative 
data would add weight to the proposition that there is an increase in students’ sense 
of voice (critical voice) and being able to contribute ideas to the class. A comparable 
study (Dryden & Frazer, 1998) administered in Western Australia to 494 13-year-old 
students in 41 science classes from 13 schools identified similar results with three 
characteristics, personal relevance and uncertainty in science (sometimes 
experienced) and shared control (seldom experienced) with critical voice having one 
of the highest ratings.  
5.1.2.2.     Qualitative Results 
The activity presented an opportunity for me to get to know more about the students 
and the opportunity was extended when I assumed a supportive role during the 
practical activity. I encouraged and challenged the students to become more 
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autonomous by trying different permutations of the activity and by observation to 
make further predictions about the results.  
 
Excerpts for the teaching journal (see Table 5.3) record my perception of increased 
student autonomy and enthusiasm for the extended activity incorporated in the 
lesson.  
Table 5.3 
Vignette 1 – particle diffusion activity 
Date What I tried? What actually happened? 
27/04/05 
Lesson 1 
(third 
period) 
Following a teacher 
demonstration the 
students performed 
an activity to observe 
the process of 
diffusion in liquids. 
Crystals were 
dropped down a 
straw in a beaker of 
water and the 
resultant diffusion of 
colour was observed. 
The students were enthusiastic and involved and 
went on to experiment with different ways the 
crystals would behave in the water. From video 
surveillance the students were enthusiastic about 
this simple activity, perhaps because they had 
time to actually direct the way they performed 
the activity.  
A discussion ensued (teacher instigated) in order 
to determine what was happening. The students 
wrote up the activity working backwards to 
define their own aim for the activity. 
 
The lesson involved three phrases. Initially it was teacher talk followed by student 
talk and then teacher student interaction. In this case the lesson culminated with a 
class discussion relating to why the activity was performed. I had not written up a 
formal scaffold desiring the students to think deeper about the activity, by requesting 
they work backwards from our discussion toward devising an aim for the activity. By 
revisiting the process of scientific examination it was assumed that the students may 
come to some realisation of how scientific ideas are generated as well as eliciting an 
insight into the diffusion of liquids.  
 
Figure 5.1 details an analysis of the lesson, using the SCOPS (Stuessy, 2001) 
framework and presents a graphical representation of classroom complexity 
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identifying four variables that reflect the dynamic nature of the classroom 
environment.  
 
 
Figure 5.1 Classroom instructional patterns for diffusion lesson. 
The first variable represents the sequencing (changing activity) of the lesson by 
identifying the number of vertical segments that distinguish the lesson defined by 
percentage time on classwork.  
 
The second variable (red) depicts the level of student-centred activities on the 
(horizontal) complexity continuum, including participation in performance and 
taking the initiative (P&I) compared to the teacher-centred practices associated with 
students receiving direction (R&D).  
 
The third variable relates to the number of external representations within the lesson. 
Yellow indicates symbolic representations of words and numbers including talk. 
Green indicates pictorial representations, and blue indicates representations of 
manipulating objects. These external representations are said to help strengthen 
student understanding by developing internal representations or models. 
 
The fourth variable signifies the levels of participation depicted by the number of 
boxes coloured in. The number of vertical coloured boxes indicates the time spent on 
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the segment in increments of 10% of class time. The number of horizontal coloured 
boxes represents the level of student or teacher centred practice for that segment.  
 
In summary, SCOPS (Figure 5.1) depicts how lesson 1 was scaffolded, my 
dominance at the start of the activity when expressing my expectations of the class 
activity by modelling the procedure. The students were explicitly receiving directions 
by my instructional input with the aid of a demonstration, highlighted in blue. 
Students were free to request clarification as dialogue indicated by the yellow 
highlighted areas on both sides. The formal instructional input was retracted to a 
lesser supervisory role as the activity proceeded; the students performing their own 
investigations. Still I did intervene in group activity coaching in order to qualify 
some aspect of the activity either when questioned by the students, or when I deemed 
it necessary to help refine laboratory technique as indicated by the highlighted yellow 
on both sides (indicating dialogue) and blue (indicating some form of manipulation).  
 
As the students developed more confidence taking the initiative and performing their 
own investigations I assumed a lesser role (fading) in the activity, although still 
talking to the students as I moved around the class. Toward an explanation of the 
experience a diagram was incorporated (green highlight) for the students and me. I 
found a diagram helpful as a way of situating my own thoughts as to how I would 
explain the scientific concept described. Student talk both directed to me and within 
groups was extensive (highlighted yellow) in reaching the final summation, where 
students were requested to formalise the activity by postulating an aim for the 
activity. The final segment was an oral quiz used as a means of helping consolidate 
the conceptual understandings related to the activity.   
 
A classroom climate was being established guided by the original conceptual 
framework relating to the four learner-centred principles (Table 2.3). Developmental 
and social factors were identified where students were given more opportunity to 
experience hands on group activities before being introduced to actual scientific 
concepts (Jablon & Van Sickle, 2003; Shwartz et al., 2008; White & Frederiksen, 
1998). Class discussion and the re-working ideas back to develop an aim are 
considered associated with cognitive and meta-cognitive factors (Kuhn & Dean, 
2004; McGuinness, 2005; Piaget, 1973; Vygotsky, 1931/1986). The students were 
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enthusiastic and stimulated to invest more time participating in the activity which 
related to motivation and affective factors (Ainley & Ainley, 2011; Fredrickson, 
2001).  
 
This extended activity gave students more autonomy and could be considered a 
contribution toward individual difference factors (Ryan & Deci, 2000). In all cases 
classroom dialogue was considered a major contributor. Student talk both with the 
teacher and amongst themselves was encouraged as a means of dealing with the 
ambiguity associated with both my initial expectations and general methodological 
constraints of the activity. The pattern of extended time on lessons that incorporated 
activity became formalised within future experiences of the class community.  
 
In this case, student dialogue was promoted by encouraging students to try different 
permutations as a way of supporting behavioural engagement through autonomy 
leading to students making their own predictions during activity, building on 
experience as a means of fostering confidence and competence toward cognitive 
engagement. Helme and Clarke (2001) describe cognitive engagement as “the 
deliberate task-specific thinking that a student undertakes while participating in a 
classroom activity” (p. 136).  
 
Kelly reflected on this later in the year: 
 
 
We are allowed to talk. A lot of the times we don’t get it so we talk about 
it, [in] science [we] talk to learn from each other. (Kelly, interview, 
15/11/05)  
 
 
Kelly suggested that she became cognitively engaged “to learn from each other” 
when she was “allowed” to engage in task-specific thinking and talk through 
activities with other students. 
 
The teacher’s journal reflected on the day 
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From video surveillance the students were enthusiastic about this simple 
experiment. Perhaps because they had time to actually direct the way 
they performed the experiment?  (Teaching journal, 27/04/05)  
 
 
My observations and thoughts about the video surveillance revealed that both the 
students and I seemed to be empowered by the extended activity, where we as a class 
could communicate less formally as a means of making sense of the scientific ideas 
presented. My perception was these actions increased my credibility in the eyes of 
the students and conversely, I saw the students as developing researchers. By 
increasingly gaining knowledge of the students’ abilities and understandings and 
assuming the role as the knowledgeable supporter, I was helping enable the students 
to feel comfortable making informed predictions; we were interacting with the 
curriculum as a community.  
 
In follow up focus group interviews, students were asked to reflect on their 
experiences in class. Students identified practical activity as a positive classroom 
endeavour that was both social and meaningful to their learning. Brody suggested 
that learning in science was a collaborative activity with the teachers help: 
 
 
Our group does help, because you help us [the teacher] we go over each 
other’s ideas and we choose what we think is best we warn each other 
[of] safety with Bunsens, we talk too much. (Brody, interview, 19/05/05) 
 
 
 
Initially students were happy to participate in practical activities that were perceived 
more as fun: 
 
 
 Practicals and they’re really fun yeh...it all worked. (Erica, interview, 
19/05/05) 
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Erica further commented that activities also promoted a sense of competence. 
Practical activities were also seen as learning experiences, Kelly reflected [in 
science]: 
 
 
We learn by doing, it sticks in your head. (Kelly, interview, 06/08/05) 
 
 
As the class evolved students suggested that activities should be more challenging 
but within their developing understanding of science. Kelly further commented: 
  
 
We do little experiments that are not that important, hands on things, 
finding out things and writing them down, remembering facts … Some of 
the practicals we already knew, like boiling water, making rain was fun. 
You [the teacher] need to ask good questions and ask what we don’t 
know! (Kelly, interview 17/05/05) 
 
 
I had given the students extensive practical scientific experiences as a mechanism 
toward establishing an ethos within the learning environment where students felt 
comfortable both physically and socially. Kelly reminded me that comfort was not 
enough; she wanted to be challenged beyond just “doing stuff”.  
 
5.1.3.     Summary and conclusions 
Critical Voice (Speaking Out) was perceived to be associated with the establishment 
of a social climate in the classroom where students felt they could express their 
concerns about learning (Taylor, Dawson & Fraser, 1995); the quantitative CLES 
instrument was inconclusive in this endeavour. However there was evidence 
emerging from the qualitative data that added weight to the proposition that an 
increase in students’ sense of voice (critical voice) was emerging and they felt more 
enabled to contribute ideas toward their learning. 
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The middle schooling paradigm advocates that interaction among students should 
occur as a democratic dialogical process, offering students the opportunities to 
develop their academic and social competencies (Beane, 1991). Student-centred 
learning is characterised by learner-centred approaches emphasising “active learning, 
choice in learning and the shift from power in the teacher-student relationship” 
(O’Neill & McMahon, p. 34).  
 
From a qualitative perspective four learner-centred principles were cited in this 
chapter to varying degrees, helping promote a classroom social climate that actively 
engaged adolescent students in science. The first principle is associated with 
individual difference factors suggesting the primary reason people initially perform 
actions is to feel attached or related, to feel a sense of belonging (Ryan & Deci, 
2000). A sense of belonging can be strengthened by student recognition; Melisa 
noted “I find it annoying that teachers don’t know your name”.  
 
The second set of principles relate to motivation and affective factors, classroom 
experiences that promote student enjoyment and interest are said to be central to 
student participation through engagement with the activity (Ainley & Ainley, 2011; 
Fredrickson, 2001). Initially engaging emotionally with activities “practicals and 
they’re really fun yeh...it all worked” through enthusiasm for “fun” and through a 
sense of competence students are activity led to participating in doing the work; “we 
learn by doing, it sticks in your head”. These students were more likely to adopt 
activities and assimilate ideas that their relevant social groups valued, as long as they 
were developmentally ready to master interactions with their environment. To feel 
competent students needed to be presented with optimally challenging tasks within 
their zone of proximal development (ZPD) (Pintrich, 2003; Vygotsky, 1931/1986).  
 
The third set of principles is related to developmental and social factors; students 
were given more opportunity to experience hands on group activities before being 
introduced to actual scientific concepts. This deliberate scaffold is similar to the 
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cognitive apprenticeship model of instruction (Collins, Brown & Newman, 1990) 
identified by the SCOPS instrument (Figure 5.1). 
 
Initially I modelled strategies for the students and provided scaffolds to structure their 
work. I then worked with the students coaching them to perform specific tasks and 
encouraged them to reflect on and articulate their findings through class discussion. 
A classroom climate was being enhanced by dialogue encouraging students to feel 
competent about legitimising their scientific understandings through group 
conceptualisation of the activity. As the teacher I was an integral part of that group. 
Students were then encouraged to re-work their thinking backwards to develop an 
aim associated with the fourth set of principles cognitive and meta-cognitive factors. 
Cognitive engagement defined by Helme and Clarke (2001) as “the deliberate task-
specific thinking that a student undertakes while participating in a classroom 
activity” (p. 136).  
 
Kelly reported “We are allowed to talk. A lot of the times we don’t get it so we talk 
about it, [in] science [we] talk to learn from each other”. The students were gaining a 
procedural knowledge through “task specific thinking”. As the students gained 
competence the power shifted in the teacher-student relationship while the scaffold 
reliance faded. This diminution could promote a sense of autonomy, a sense that 
reflects a holistic processing, whereby an activity is endorsed by a relevant reference 
group in which the person feels competent and related; where they are actively able 
to integrate values of their own (Ryan & Deci, 2000). Naturally not all circumstances 
lead to autonomous situations. Kelly observed that by not setting the level of 
challenge high enough, she neither perceived a sense of further competence nor a 
feeling of autonomy, stating: 
 
 
We do little experiments that are not that important…You [the teacher] need 
to ask good questions and ask what we don’t know! (Kelly, interview 
17/05/05) 
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As the teacher I was being held accountable by a student to provide more challenging 
experiences. 
5.1.4.     Personal reflection  
Classroom climate is associated with the emotional environment of the classroom 
(Ames, 1992; Fredricks et al., 2004; Tobin, 2012; Olitsky & Milne, 2012). The data 
suggested that a positively valanced classroom climate was being established that 
contributed to a collective emotional engagement, a “shared mood” where students’ 
were willing to invest time and energy engaging in activities both behaviourally and 
cognitively. 
 
From the ecological perspective the data would suggest the classroom environment 
was in a fluid state (Adelman &Taylor, 2005), the classroom a complex interaction 
of environmental factors. Students were in the process of manipulating materials and 
at the same time communicating their thoughts between themselves and myself as the 
teacher. CLES data (critical voice) would suggest that students felt they could speak 
out to either communicate what was happening or ask questions of the teacher. Data 
verified that students were communicating with me “Our group does help, because 
you help us” and with each other “[in] science [we] talk to learn from each other.” 
My observations suggested the students were enjoying some autonomy in the way 
they conducted their research. The teaching journal recorded “From video 
surveillance the students were enthusiastic about this simple activity, perhaps 
because they had time to actually direct the way they performed the activity.” The 
collective experience was positively valenced, students feeling competent “practicals 
and they’re really fun yeh...it all worked.” A “shared mood” (Olitsky & Milne, 
2012), was being created within the ritualistic process depicted by the SCOPS 
scaffold (Figure 5.1) where there was a balance of student-centred and teacher-
centred practice. 
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Chapter 6:    Challenge 
The second proposition arising from the theoretical framework of the study in 
consideration of my future teaching practice was to: 
 
 
Present challenging activities that require students to collaboratively explore a 
learning environment.  
 
6.1.     Introduction  
This chapter presents evidence supporting the proposition that challenging activities 
enhance the engagement of middle school students in learning science when 
presented as a collaborative endeavour. 
 
Challenges set at an appropriate developmental level can motivate students to engage 
metacognitively in their learning (Diezmann & Watters, 2001), further strengthening 
a scientific literacy which aids lifelong learning. As the students became comfortable 
with the classroom environment I encouraged them to make intuitive predictions 
initially associated with observation. I wanted to extend a challenge to the students to 
make predictions based on their developing conceptual understandings by way of 
scientific process including measurement, replication and hypothesis. Novel tasks 
were considered by me to elicit initial student interest. Yet to maintain engagement, 
students had to identify these tasks as intrinsically interesting (Ryan & Deci 2000) 
and challenging (Eccles et al., 1993) in order to fully explore their understandings.  
 
6.1.1.     Vignette: Thinking scientifically (seeing patterns) 
The following vignette is an example of student involvement in a challenging task 
over two days (lessons 3, and 4) that provided a limited contribution toward scientific 
conceptual understanding of the process of science. The original task was designed to 
extend student conceptual understanding by integrating mathematics into the lesson. 
Subsequently, the task became too challenging for all students which impacted 
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negatively on their learning and engagement, and necessitated an extension of the 
lesson into the next day. This was a sobering experience for me in that the ground 
work for identifying the necessity of student mathematical knowledge was neglected 
and hence setting the right level of challenge was not achieved. 
 
The lesson involved students exploring the properties of popcorn as an analogy for 
Charle’s Law involving the effect of temperature on gas, in this case water vapour. I 
introduced the task that I perceived to be a novel activity that incorporated thinking 
scientifically, by exploring some properties of popcorn. From experience I knew that 
any activity that culminated in the students eating the product would be considered 
novel and motivating. The aim was to determine the percentage of moisture in 
popcorn. The inference was that by heating the corn (popping) a resultant loss of 
mass could be attributable to water vapour being evaporated from the seed. I was 
attempting to stimulate the students to think scientifically about the familiar concept 
of popping corn and also create a bridge between two topics, states of matter and the 
next topic living things, by further developing the idea that water is part of all living 
things.  
 
I hoped to re-enforce three scientific concepts. The first concept was that water 
molecules expand and vaporise when heated. The second concept was associated 
with diffusion of gasses; that is, the smell of popped corn spreading through the 
classroom. The third concept, a practical consideration was that popcorn seed could 
only have popped in the microwave oven if it contained water. 
 
I noted that students had started to predict the results of the diffusion activity (lesson 
1), so it seemed logical to me to introduce hypothesis as a scientific term. The 
hypothesis was envisaged in this case as a way of guiding the exploration toward an 
explanation relating to the predicted change in mass of corn seed after popping. I 
suggested one of two predictions, either the mass would increase or decrease; 
however some students added that there would be no change in mass after popping.  
 
The first day of the activity I explicitly stated how the students would perform the 
practical activity and conventionally scaffolded the activity by writing up an aim, 
method, and constructing a results table. The students next copy the scaffold into 
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their work books. The students then completed the activity. I acted in a supervisory 
role to make sure all groups had access to equipment with half the class placing 100 
popcorn seeds into a hot air popcorn maker, and the other half of the class placing a 
paper bag of 100 seeds into a microwave oven, both groups then re-weighed the bag 
after the kernels had popped. Afterwards the students completed a table of results in 
their work books a class discussion ensued (lesson 3 video transcript).  
 
Lesson 3 video transcript 
1. T- I cannot say your results are right. [The] class average is close to 
expected. [The] results over all are excellent, you have done very well.   
2. Trevor- yeahhh!  
3. T- You all found that you had a decrease [in corn seed mass]. When we 
do experiments, you just don’t do it once, because once might be a 
problem, because the bag might catch alight! 
4. S- [Contributes] It did! 
5. T- We might have a problem where some escaped, or some people can’t 
wait long enough and eat the experiment.  
6. Remmie- [contributes] Boyd! [directed at Boyd] 
7. T-That can happen. That’s why we don’t take one groups results, we take 
everybody’s results. 
8. T- Now, conclusions ask why Ok, now we have to discuss that. I want to 
have a few reasons why…I want know why it [the mass] decreased, 
something had to be in the corn? 
9. T- So, now if you know anything about microwaves you know that 
something has to be in the food for it to cook?   
10. Sven- [Contributes] I do, I read a book about it at primary [school].  
11. T- What, do you need to cook?  
12. Sven- Water! 
13. T- The water, that’s right to cook things.  
14. Sven- [Contributes] Water heats up. 
 
Initially as indicated in line 1, I conveyed to the students that the results could vary 
but were within the expected range, which elicited a positive response from Trevor 
(line 2) “yeahhh!” I was developing the scaffold as a way of clarifying a 
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methodological principle of science that circumstances could alter data collection. 
The students were actively responding to my comments that experimental data can be 
altered by circumstances that the students could identify within the activity (lines 3 
and 5). By alluding to the immediate circumstances associated with the activity I had 
encouraged continued dialogue. Initially I encouraged student supposition (line 8) “I 
want a few reasons” and then used familiar examples as a means of challenging the 
students to collaboratively conceptualise their prior knowledge. The students were 
expected to construct their own view at this stage taking their own prior knowledge 
and experience into account (Shin, Stevens et al., 2009). This was achieved by 
relating cooking in microwave ovens with changes of state of water; thus making a 
scientific inference. I further encouraged student responses by employing prompts 
and cues (lines 9 and 11) as a way of building on their own understandings in order 
to clarify the purpose of the activity, by way of dialogical discussion.  
 
15. Jasmin- [hand up and contributes] The water will, like evaporate and yeh 
and goes away. 
16. T- It comes down to the atom thing, what happens when you heat up 
atoms? 
17. Sven- [ Contributes] They spread out and they …  
18. S- [All contribute] They get hot, they get more energy!  
19. T- Very good, they get more energy because you’re heating them. So it is 
the water in the popcorn that is getting extra energy. The atoms are trying 
to get away from each other, they’re expanding until the point where it 
explodes to escape and then the starch comes out. 
20. Remmie- [Contributes] But, if you bake something like a chook or a tick 
[laughter]…! 
21. Jasmin- [Contributes] It gets smaller like a roast or bacon, it shrinks!” 
22. T- So, what’s happened to the water?  
23. Jasmin- [Contributes] It evaporates!  
24. T- If you think about a microwave and you leave it on too long, what 
happens inside the micro wave [oven]? 
25. Remmie- [hands up and contributes] It, everything is wet! 
26. T- So, taking that one step backward, what’s popcorn got to have in it? 
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27. T- and students- [in unison] It’s got to have water in it! 
28. T- OK, we’ve all found out something now; everybody should have the 
same thing the similar result.  Now why, I’m going to help you with that. 
29. Boyd- [Contributes] Water was present. 
30. T- Perfect Boyd, so there was water present in the corn when you cooked it 
in microwave. The water expanded because [it was] energised, it 
expanded and evaporated, the gasses were further apart. The atoms were 
further apart. So there was water present, it evaporated and that’s your 
loss of mass. 
 
By re-introducing particle theory (line 16) I was able to link the concept of loss of 
water to evaporation, further building on student conceptual understanding (line 15). 
I challenged the class and individual class members to reciprocate, encouraging 
students to engage behaviourally by participating in class discussion and building on 
their own scientific understanding in the context of the activity. From their prior 
experiences, Remmie and Jasmin by requesting clarification (lines 20 and 21) were 
challenging in some part my explanation; they were then able to relate new 
knowledge to their existing knowledge promoting cognitive engagement (lines 23, 25 
and 27). Line 26 also suggests a meta-cognitive precept where the students are asked 
to think about their past experiences. I also used Boyd’s comment (line 29) to re-state 
the results of the activity in terms of the changing states of matter (line 30).  The 
conclusion of the activity was not formalised until the percentage of water lost had 
been calculated. I left that for homework. 
 
The second lesson of the activity (lesson 4) was not until the next week. It was 
difficult to maintain continuity and interest within the context of the activity. I had 
not considered that the students had different levels of ability and were at different 
stages of formalising a conclusion. Some of the students had successfully achieved 
the goal of calculating the percentage of water lost for homework; others were less 
able to attempt the calculation. Over all there was a general confusion about the 
exercise. I then had the challenge of involving the whole class in a summation of the 
activity (lesson 4). 
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6.1.2.     Analysis of vignette 
6.1.2.1.     Lesson 3 
SCOPS graphical representation of lesson 3 (Figure 6.1) identified the lesson 
beginning with explicit instructions from me modelling the procedure verbally 
(highlighted, yellow) leading into a dialogical exchange between the students and 
myself. I encouraged the students to initially predict the outcome of the activity as a 
mechanism to guide student thinking about an explanation of the process. This part 
of the scaffold was teacher initiated, however as the lesson progressed, talk (yellow) 
was balanced between myself and the students. During the practical activity (blue) 
my input consisted of supervising (coaching) the students. By the end of the 
performance of the practical activity the students recorded their group data into 
workbooks.  
 
I then initiated a discussion of the results with the students incorporating student 
ideas (articulating) about microwave ovens, water and popcorn. A dialogue was re-
established that incorporated articulation of student experiences of the activity as a 
means of confirming their understandings of particle theory. This articulation was 
broached in the lesson 3 video transcript above capturing an exchange between the 
teacher (T) and students (S).  
 
In the final segment, I asked the students to work out the percentage of water that 
was in the corn for homework. SCOPS (Figure 6.1) identified the lesson to be more 
teacher-centred by the dominance of red, especially during the initial instruction.  
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Figure 6.1 Classroom instructional pattern for gas law lesson 3 
 
6.1.2.2.     Lesson 4 
Four days elapsed before the next lesson (lesson 4) could be implemented. SCOPS 
(Figure 6.2) analysis depicted a somewhat different classroom environment to the 
previous lesson. Groups were overwhelmed by the challenge identified by 
dominance of teacher-centred practices (Red) with a less defined sequence.  
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Figure 6.2 Classroom instructional pattern for gas law lesson 4. 
The arrows (A, B and C) refer to significant instances in the lesson and will be used 
in similar graphical representations (SCOPS, Figure 6.2) to follow.  
 
The dialogue below (Lesson 4 video transcript) alerted me to awareness that students 
were not developing new conceptual knowledge. I had to keep the students on task 
with prompts to draw out basic student responses. It was unclear whether the 
students’ conceptual knowledge was developing from the activity. 
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Lesson 4 video transcript 
T- This is the end of the prac.  
Trevor- [calls out] Yeah  
T- Why did the popcorn pop?  
Trevor- Because the water got evaporated and it went bang. 
T- OK, now. 
Trevor- Yeh the water went to steam and it got more energy and it just burst and like 
fell out. 
T- Nels concentrate.  I want to hear it again thank you.[students losing interest] 
Trevor- There was lots of energy made because of the water and then yeh it popped.  
T- How did we know it had to have water [in the corn] because and why? 
Oliver- It had to have water to cook in the microwave.  
T- Very good. 
T- Erica, could you explain what happened?  
Erica- It popped.  
T- Why did it pop? 
Erica- Lots of energy inside it yeh, it has to have water in it to pop.  
T- Very good. 
 
Further detailed video observation confirmed the SCOPS (Figure 6.2) graphical 
interpretation, depicting a noisy class room environment, whilst I helped individuals 
calculate group results as percentages of mass (water) lost. The power had shifted 
back to the teacher. SCOPS (Figure 6.2) analysis depicted a loss of scaffolding; 
students unable to articulate their understandings; neither understanding what they 
were doing or why they were doing it. I had to explain what was happening to the 
whole class (A), and then to individual groups (B) how to calculate the percentage 
water loss. In an effort to re-establish a dialogue with the class, I tabulated the group 
averages on the board and then directed a student to calculate the class average whilst 
I spoke to a dissident student (C). The students were disinterested in the use of maths 
to extend the scientific concept and one student complained “This is not maths!” 
Individuals were observed to be overwhelmed by the challenge. The students were 
feeling less competent. Jasmin commented to another student  
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What did you get, I couldn’t figure it out? (Jasmin, Video transcript, 
03/05/05) 
 
 
The students were becoming disengaged with the addition of maths and my 
persistence with this seemingly abstract concept resulting in a breakdown of student 
teacher interaction. I finally threatened the class with less practical activity in the 
future if they did not comply and complete the exercise. This culminated with the 
brief removal of a dissident student from the class room environment. Both Kelly and 
Melisa commented in a focus group interview after the lesson 
 
 
Make it less complicated, like getting the percentage water!  
(Kelly, interview 03/05/05)  
 
 
Yeh, I didn’t get that. I asked my Dad, he didn’t know.  
(Melisa, interview, 03/05/05) 
 
 
6.2.     Summary and conclusions 
Although the initial experience (Lesson 3) was intrinsically interesting to the 
students, the extra challenge (Lesson 4) provided a limited contribution toward 
scientific understanding of the process of science and thus progress in developing 
scientific literacy. From a student-centred perspective the problem lay with 
developmental and social factors and differing levels of ability between individuals, 
inhibiting the development of motivation and affective factors and thus 
metacognition and cognition. Whilst the students were initially prepared to be 
challenged and were enthusiastic about the novel task, only some students indicated 
that they could work toward an explanation based on understandings from their own 
experience. SCOPS (Figure 6.1) identified a scaffold where students felt comfortable 
requesting clarification of my explanations and articulating their previous 
experiences; a more democratic process through student voice. Clearly the additional 
task was outside the student ZPD (Vygotsky, 1931/1986). The inappropriate 
pedagogical approaches devised in association with high expectations of the students 
to use mathematics to extend abstract concepts were unrealistic at this point. 
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Individual students had become disorientated and confused; they had lost a sense of 
competence and were unable to help each other.  
 
By the second lesson (lesson 4) the power had shifted back to the teacher SCOPS 
(Figure 6.2) with little chance of metacognition through autonomy, students neither 
knowing what they were doing or why they were doing it. This episode indicated that 
challenges need to be carefully differentiated for each student and subsequent lessons 
demonstrated that it was possible to fine tune the level of challenge. Initially the 
students were engaged with a novel activity that involved collaborative manipulation 
and observation and a description of physical change that was within their range of 
experience (ZPD). They had not developed sufficient scientific knowledge to explain 
the extended activity and did not expect to be overwhelmed by abstract scientific 
explanation that was to them (“this is not maths”) out of context.  
 
Students were however gradually exposed to more opportunities that involved 
collaborative manipulation, observation and measurement. Simple measurement 
became a factor that led to a deeper consideration of science and discovery, of “how 
things work”. In a later class activity a student reflected that measurement became 
important “to compare changes” and that sometimes the measurements challenged 
student prior understandings “The measurements were unexpected… I would have 
thought it would be the other way around” (Jasmin, interview 09/11/05). Initially 
students enjoyed exploring the novel activities and were willing to be challenged to 
describe and make simple predictions about scientific phenomena that they had some 
knowledge of and valued the teachers support with scientific explanation.  
 
It would seem students have to construct their own particular view of scientific ideas 
that can be slowly aligned to scientific theory (Shwartz et al. 2008). The provision of 
a forum for discussing scientific ideas became important. Class discourse, either as a 
group or between students, or between students and myself, helped resolve ambiguity 
between what was happening and how it could resonate within student experience. 
Intrinsic interest can certainly be initiated with novel activities and can be maintained 
as long as student scientific understanding can be aligned with their own experiences 
and perceptual understandings.  
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Hypothesis was seen as a mechanism aimed at sustaining engagement, by issuing a 
challenge and inciting the possibility of alternative explanations (De Bono, 1994). 
The integration of mathematics into science is a clear requirement if a more 
theoretical and challenging experience in science is to be developed (Klein, 2006). 
However at the point of transition from primary school to high school not all the 
students in this class were ready or experienced enough in many scientific contexts to 
consolidate scientific explanation. Activities needed to stimulate collaborative 
reflection and challenge students to develop their own models of the principles, 
processes and practices of science.  
 
6.2.1.     Personal reflection  
Challenge suggests a pre-condition to student engagement, to find of interest but not 
impossible (Olitsky & Milne, 2012); challenges are prospective. From the 
Vygotskian perspective (1986) the concept of ZPD is also prospective. Both the 
novel experience and the concept of hypothesis became legitimate challenges to 
student negotiation of their scientific understandings, provided they were in the 
student ZPD. Scientific understandings were not considered definitive at this stage 
but developmentally appropriate for these secondary students. (Lederman & 
Lederman, 2012). 
  
This chapter presented a proposition that underscores the necessity for students to 
have some prior knowledge or experience, before they can participate in dialogical 
discussion as a way of inculcating new scientific ideas. By introducing the concept of 
hypothesis students were formally invited (challenged) via a novel experience to 
observe and make inferences from a scientific perspective about phenomena.  
 
Lesson 3 identified students using their experience and knowledge to challenge via 
critical voice, their pre-conceptions of a phenomenon through dialogical interaction 
with the teacher (Lesson 3, lines 20 and 21). In lesson 3, the SCOPS instrument 
(Figure, 6.1) provided a representation of a definitive scaffold that depicted a 
balanced classroom environment between student-centred and teacher-centred 
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practice. However in lesson 4 the scientific concepts presented were outside student 
ZPD, disrupting the balance within the classroom environment and representing the 
scaffold as a one sided, teacher-centred transmissive approach (Figure 6.2). 
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Chapter 7:    Academic Rigour 
The third proposition arising from the theoretical framework of the study in 
consideration of my future teaching practice was to: 
 
 
Provide variety of representations of scientific ideas and modes of presentation and 
assessment that provide deep and rigorous learning. 
 
 
7.1.     Introduction  
This chapter presents evidence supporting the proposition that deep and rigourous 
learning is supported by multiple representations of scientific concepts.  
 
Academic rigour refers to high quality learning being achieved through engagement 
with content in context. To foster this engagement in learning an environment needed 
to be established in the classroom where social interaction was encouraged and the 
appropriate level of scaffolding provided (Lincoln, 2010). In this study learning was 
conceived as the capacity to develop models that represent understanding of 
scientific ideas. Learning is about refining these models or ideas until the student 
reaches a scientifically satisfactory level. Models enable core ideas to be applied to 
different phenomena. (Merritt, Krajcik & Shwartz, 2008; White & Frederiksen 1998; 
Stuessy 2002). 
 
It was noted from the previous lesson that students were not always developmentally 
ready for an immediate abstract scientific exploration or explanation of phenomena. 
There was however evidence emerging that the students were developing and 
applying scientific ideas. Students, by experiencing activities related to scientific 
ideas, were slowly coming to appreciate through scientific process how scientific 
knowledge is generated. Initially in the first term activities were used to demonstrate 
how materials behave when subjected to differing conditions. This was based on 
states of matter and changes of state related to particle theory. The treatment of 
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content was a rather reductionist view of science, observing and describing simple 
examples of scientific phenomena in isolation. By the second school term science 
content was presented by means of a more systems approach, building on previous 
student knowledge through multiple representational experiences. Students through 
collaborative procedural methods of inquiry (White & Frederiksen, 1998) were 
developing a “consensus model” of particle theory that could be tested outside of the 
original context presented. I assumed that academic rigour; high quality learning 
could be strengthened by the provision of student participation in the scientific 
process through modelling a variety of representations of the same scientific ideas.  
 
Below are two examples of lessons that attempt to extend student model 
development. Firstly it was a case of building on previous student experiences, 
“building conceptual models” where students were exposed to a generic model of the 
particle nature of materials. Next step was applying the model to help explain 
changes in state (cloud in a bottle), followed finally by incorporating other scientific 
concepts to extend the model to the wider environment, in this case, the water cycle 
(Merritt, Krajcik & Shwartz, 2008).  
 
The second example is an investigative activity conducted at the end of the study, 
enlisted to ascertain the level of student scientific understanding. I proposed this to 
be a mechanism whereby the students could model their scientific ideas as a way of 
strengthening an encompassing view of science as an interconnected entity as well as 
a means of assessing student transferability of these scientific ideas.  
 
7.1.1.     Vignette: Building Conceptual Models 
An example of building on previous student experience follows. A novel activity was 
proposed; to establish that water can change states quickly with a corresponding 
change in the environmental conditions. This was an attempt to further develop the 
conceptual understanding of states of matter. The “cloud in a bottle” was a simulation 
of how water vapour behaves under pressure using familiar materials; the concepts 
temperature differences, gravity and air pressure were also broached at this point. By 
placing warm water and a little smoke from a burning match in a plastic soda bottle 
and then sealing it a “cloud” would appear simply by squeezing and releasing the 
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bottle a number of times. The students enjoyed the challenge to make a cloud as a 
representation that was both concrete and unexpected.  
 
7.1.2.     Analysis of vignette 
SCOPS (Figure 7.1) identified a common pattern of modelling (A), coaching/fading 
(B) during the activity, and articulation (C). The student activity highlighted in blue 
was predominantly student focused whilst they persevered toward a result. The 
process of articulating (C) the concepts within the lesson involved a long explanation 
by me, including a diagram of the atmosphere (highlighted in green) with yellow 
highlighted on both sides indicating discussion between the students and myself in an 
attempt to reach a collaborative consensus of the activity. Students were able to 
express their prior understandings, their “background knowledge” toward reaching a 
consensus. Diagrams also helped me anchor my thoughts of scientific concepts on 
the fly; a function of my pedagogical content knowledge.  
 
 
Figure 7.1 Classroom instructional pattern for building models lesson 
 
Evidence from the video transcript (below) suggested that students had sufficient 
understanding of the abstract concept of the arrangement of atoms to enable them to 
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apply their collective knowledge and participate in a dialogue toward an explanation 
of change of state within the context of the activity. 
 
1. T- OK, now this thing you’ve got to explain why you’ve got to put some of your 
science knowledge, your background knowledge to work. You know 
now, can you compress gases?   
2. Students- [Contribute] Yeh. 
3. Nigel- Only a little bit though. 
4. T- We want to know why, why, Remmie. There is no point doing experiments 
unless you find out why! It happens because something is going on there 
that you see the cloud form, but the cloud is clear when you compress the 
gas! 
5. Melisa- [Contributes] How come? 
6. Trevor- [Contributes] Why?  
7. T- I suppose Superman does this when he compresses the coal to make diamond. 
Because diamonds are made of carbon actually, if you compress 
something, you are doing what to the atoms? 
8. S- [Contributes] Squishing them! 
 
Here I was establishing a classroom forum by eliciting students’ thoughts about rigor 
associated with the formulation scientific ideas by thinking about their prior 
scientific experiences; a meta-cognitive precept.  
 
The first statement (line 1) conveyed my high expectations of student cognitive 
ability to unravel the formation of a cloud. Nigel (line 3) displayed an understanding 
of the compressibility of gasses and both Melisa and Trevor expressed a “wish to 
know” (lines 5 and 6). Students were aware of the theoretical conventional 
representations of solids, liquids and gasses having spent the previous lesson 
developing a PowerPoint presentation as an assignment entitled “States of Matter and 
Changes of State”. They would complete the assignment in the next lesson. Students 
were being given the opportunity to develop a model based on simplified 
understandings of theory and hopefully relate the theoretical model back to their own 
experience. I tried re-visiting the concept particle configuration using a simplified 
analogy (superman) in order to elicit student response (line 7). 
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9. T- and when you’re squishing them they are actually getting closer to each other. 
So they are starting to create a bit of friction, they, are starting to warm 
up so when your squish this [bottle] when you are holding it really tight 
your actually squashing the atoms up making them closer. They warm up, 
when you let go the gas atoms move further away from each other and 
the temperature drops. When the temperature drops and there is water 
vapour there cloud is formed. Now an example of that is our atmosphere. 
Lower down, there’s lot of water vapour present, its warmer and there are 
lots of water in the atmosphere, but where is the cloud? Way up!  
10. T- Sid tell me something about the temperature way up where the clouds are   
11. Sid- It’s a lot colder.  
12. T- So what’s happened, [teacher demonstrates by squeezing the bottle then letting 
go] we have?  
13. Students- [Contribute] Cloud.   
14. T- We made this atmosphere [shows bottle] with water vapour. It goes from warm 
[Illustrates on the board a diagram of the earth and the atmosphere 
surrounding it] where the gas particles are closer together because they 
are pushing on each other. So what you have to know is the atmosphere 
has all these gas particles floating around, but higher up they’re further 
away. Have you heard the expression the atmosphere is thinner? [no 
comment from class] As they get closer to the ground the gas particles 
are closer together because they are pushing on each other. 
 
The concept of friction relating to temperature change was also re-visited (line 9). I 
also tried to enlist student knowledge to help maintain interest (line 10). At this point 
both a diagrammatic representation of the atmosphere and the visual effect of the 
cloud in the bottle were useful in helping the students to perceive a relationship 
between cloud formation and the simulation. The diagram of the atmosphere was also 
somewhat analogous with the “cloud in a bottle” activity. Using the analogy I was 
trying to place the concept of changing states in some identifiable context (line 14).  
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15. Jasmin- [hand up] Isn’t something pushing on them as well?  
16. T- Yeh, there is there is something pulling on them as well. As they get closer to 
the ground, they push on each other [student calls out gravity] somebody 
said that G word, grr-avity, gravity, gravity sucks. 
17. Nigel- [contributes] Gravity sucks! 
18. T- Gravity is actually pulling these particles down so they are closer together and 
it gets to be warmer.  OK, the higher you are the cooler it is. If you have 
water vapour here [points to the lower atmosphere on the previous 
illustration] it’s going to be warm. It’s not going to happen if you’ve got 
water vapour up here [pointing to the upper atmosphere on the 
illustration] what’s going to happen? 
19. Trevor- [contributes] It goes cold. 
20. T- It condenses. One other thing, if we are going to make cloud or rain we need. 
You may have come across this before. We made rain here, we made the 
water cycle.  
21. Trevor- [Contributes] Did we? 
22. T- Yeh, when we had ice on the beaker and we boiled the water and we had ice on 
top of the beaker. 
23. Trevor- [Contributes] and we had salt, I remember that. 
24. T- Remember the water vapour went round and round. One more thing, [class 
losing interest too much information] we actually increased the effect by 
adding smoke. Do you remember what smoke is?   
25. T- Its little particles. Because water vapour needs something to land on, to 
condense. If we did not put the smoke in there [showing the bottle] it 
would not have worked. So what happens is this, to get a lot of rain we 
need dirt or dust in the atmosphere, because then all the water particles 
settle on those dust particles and they condense around each other 
forming a cloud and eventually they get too heavy what happens?  
26. Nigel- [contributes] Rain. 
27. T- Rain. 
 
One student requested further clarification which would suggest cognitive 
engagement within the context of the explanation (line 15). I attempted to change 
what I thought may be a student misconception about gravity “pushing” (line 16). 
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The request for clarification necessitated a further explanation with the introduction 
of the concepts of gravity and air pressure within the context of the water cycle (lines 
16 and 18). The explanation became an amalgam of visual and verbal prompts which 
incorporated re-visiting past activities (lines 20 and 24). Salt was added to the ice to 
make the representation of the water cycle more dramatic. In a previous exercise salt 
was shown to decrease the temperature of melting ice. Students had experienced 
smoke as soot from Bunsen burner flames that had blackened the bottom of beakers. 
 
The students were reminded of particle theory “you are doing what to the atoms?” 
They were then given an analogy with a diagrammatic representation of the global 
atmosphere. Students seeking clarification were re-introduced to two concepts not 
unfamiliar to them within the context of the activity. The two concepts were the 
forces of gravity and air pressure. Previous activities were re-visited in the 
explanation including making a model of the water cycle “making rain”. I also 
reminded the students that soot as particles could help water condense to make rain. 
Trevor however (line 21) could not immediately perceive the connection between the 
two activities. Both the activities “making rain” and “cloud in a bottle” were stand 
alone activities. Most of the students with prompting were able use prior 
understandings to make connections and see relationships between the activities as a 
means of knowledge extension.  
 
Student feedback of scientific ideas supported my conjecture that some students were 
cognitively engaged in these activities. I recognised that it was my responsibility to 
adjust the level of content within a number of contexts, where conceptual 
understandings of scientific principles may evolve over time. An example of an 
evolving lesson culminating with an assessment of student perceptual understandings 
as models follows. 
 
7.1.3.     Vignette: The development of perceptual models. 
This investigative activity was conducted at the end of the study and was enlisted to 
ascertain the level of development of student scientific understanding. Described 
here is one lesson that was a precursor to an extended set of lessons focused on living 
things which would usually be a stand-alone topic. My curricular understanding of 
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living things permeated beyond a reductionist view toward a more holistic view of 
science as a connected enterprise. As such students had been subjected to an array of 
experiences associated with both the biotic and abiotic components of the 
environment. Lesson 25 was conducted in the classroom after the students the 
previous day had participated in a sand dune re-vegetation exercise associated with 
the local community Dune Care organisation. I was trying in a discursive way to 
explain the interactive nature of two scientific concepts; that of the biotic and abiotic 
components of the environment using student scientific understandings. The activity 
developed as a response to a student suggestion after a focus group interview where 
Kelly stated 
 
 
Can you add a couple of practicals back in the classroom, that have 
nothing to do with, [what we are doing at the moment] maybe with 
Bunsen burners  to keep us interested… it’s getting boring being stuck on 
a topic [living things] and we keep going down to the beach. (Kelly, 
interview, 17/06/05) 
 
 
Over the past two weeks the students were given opportunities to observe and record 
the organisms and environmental factors that distinguished various habitats that were 
within walking distance of the school. These habitats included a creek, a rock 
platform, a beach and an associated sand dune system. Acknowledging Kelly’s 
suggestion I conceived what I thought may be a novel classroom activity involving 
Bunsen burners that may relieve the “boredom” and be beneficial, trying to convey 
the idea that the sand particles, (the abiotic component) that the students had shown 
an interest in observing under the microscope, combined with organic matter also 
observed under the microscope, (the biotic component), combine to make soil. I 
wanted the students to consider that the abiotic environment (rock particles, water 
and air/ solids, liquids and gasses) was responsible for supporting the growth of 
plants observed on a sand dune in a previous exercise (biota). At the same time 
students were growing sprouts at home as an assignment in an attempt to enhance 
their understanding of the requirements of plants as living things; as well as help 
reiterate the common characteristics of living things. The lesson sequence evolved 
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more through circumstance than time allocated in the instructional program. The 
teaching journal below paraphrased the events in the lesson. 
 
Table 7.1 
Teaching Journal 23/06/05 
Date 
 
23/06/05  
 
(lesson 25)  
period 5  
What I expected?  
 
I want to revise the dune re-
generation activity with the 
students and the students 
want to talk about the sprout 
assignment. I will try to 
consolidate a few scientific 
ideas relating to the 
weathering of rocks in 
relation the formation of 
soil. As it is a cold day I will 
accede to Kelly’s request to 
break up the topic with a few 
more activities with 
Bunsens.  
What actually happened? 
 
Handed out merit certificates to all students 
after planting the dunes. They were all ready to 
go again any time, they enjoyed the 
experience. Started talking about the sprout 
assignment, the students were still interested in 
the different results being obtained; most have 
survived in between being forgotten about at 
home. A few students were at a carnival so did 
not want to talk too much about the dune 
planting experience (I’ll do that with 
interviews). I asked the students to heat up 
granite and place it in a beaker of water, the 
students enjoyed the activity and all worked 
well. I explained why the particles split off 
(most got the idea of solids expanding and 
contracting) The activity appeared to be 
enjoyable to all students observing the 
fragments of rock breaking off. This was, in a 
way, a sensory experience heating the rock 
until it glowed and then the noise as the rock 
was immersed in the water. The activity could 
also be considered a risk taking activity 
within the confines of a safe environment for 
these adolescents. I told them about the 
particles breaking off would eventually be part 
of the soil. I hope we can combine this with 
the idea of organic matter from plants 
combines with the fragments to form soil.  
 
Transcribed evidence below captures an exchange between teacher (T) and students, 
identified in SCOPS (Figure 7.2/Lesson 23).  
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1. T- You’re going to get some rock, [teacher holds up the rock with tongs] you’re 
going to get pair of tongs, and you are going to put goggles on, sorry 
safety glasses. Over a Bunsen, not the safety flame but the other flame, 
you are going to heat the rock up, you listening [students talking about 
what they will do] have you got that so far? You’re going to have a 
beaker of cold water. 
2. Nigel- [Contributes] It’s going to go shhhhh! 
3. T- It’s cold water, you are going to gently place the very hot rock into the water, 
[the teacher modelling the activity] you are not, Danny, Danny, you 
ready! 
4. Danny- [calls out] What! 
5. T- We are not going to break any beakers! 
6. Danny- I’ve only done it once!  
7. T- [Teacher laughs] We are going to place it in the bottom of the beaker and then 
you are going to repeat that about ten times. 
8. Ely- [hand up] How long do you hold it in the flame for? 
9. T- You’ll find that out, say half a minute. OK, can we get that organised?  
  
 
 
I explicitly conveyed my expectations of the performance to follow and encouraged 
the students to clarify how they would perform the activity (lines 1-9) primarily in 
consideration of student safety. The repartee captured above highlights the dynamic 
nature of classroom interaction. Students were comfortable expressing themselves 
and asking for a more detailed explanation of the procedure to follow. 
 
7.1.4.     Analysis of Vignette: 
SCOPS graphical interpretation in Figure 7.2 identifies the sequence of the lesson. I 
initially demonstrated and explained (modelled) what was to be attempted by heating 
a piece of granite and placing it in a beaker of water as a prompt, indicated by the 
blue square. I then helped the students where necessary to manipulate the equipment 
(coaching), and then took a less supervisory role (fading), whilst the students 
engaged in repeating the activity (blue squares). The students were actively 
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manipulating the equipment whilst they discussed and debated (yellow squares) the 
way they would approach the activity. The students exhibited autonomous behaviour, 
taking responsibility as evidenced by the predominance of red squares (P&I) in this 
part of the sequence. Finally I helped the students through discussion to identify 
scientific principles associated with the activity (articulation), trying to align the 
somewhat familiar concept of particle theory within the broader context of soil 
formation as evidenced by the transcript below. The alignment was strengthened by 
an amalgam of activities over three periods, culminating in an assessable task. 
 
 
Figure 7.2 Classroom instructional pattern Soil Formation 
Further transcribed evidence below highlighted my attempt to develop student 
conceptual understandings. 
 
11. T- OK, just briefly before we go. That was going back basically to the sand 
dunes. That was rock, called granite. Ely, today what did you do, you 
heated the granite and it? 
12. Ely- Fell apart. 
13. T- [It] fell apart right! So what happened first? [points to Richard]  
14. Richard- We heated it!  
15. T- OK, by heating it you expanded it and when placed in the cold water it?  
 134 
[points to Oliver] 
16. Oliver- [It] contracted.  
17. T- [It] contracted fast, it expanded and contracted fast. What happened to the 
particles? [looks at Nigel] 
18. Nigel- They fell off! 
19. T- They fell off, they broke apart. OK, Amy that’s the important part of the 
experiment, and you just missed it. [Amy was disinterested] Now what 
are soils made of particles, particles of what?   
20. Students- [Contributing] Dirt and rock; water and rock; matter; minerals; rock!  
21. T- Rock, so what have you started to make today?  
22. Students- [together] Soil. [Boyd makes a statement inaudible to the whole class]  
23. T- Aha, Boyd, say that again!  
24. Boyd- It’s caused by the sudden change from the heat from the Bunsen to the 
cold water. 
25. T- That’s exactly right, that sudden change [teacher gestures with the hands held 
out] boom boom to boom boom [gesturing with hands pushed in] and 
something’s got to give!  
26. Nigel- [tells the teacher] You have to change the water all the time because the 
water is getting hotter and hotter. 
27. T- Yeh, ok, everyone can go[now].   
 
After the activity I tried to use student prior knowledge to consolidate student 
understandings of their scientific ideas (lines11-26). A reference to the dunes (line 
11) tried to situate the activity referring to particles of sand the students had 
examined previously under a microscope. Students were prepared to contribute with 
prompts (lines 11-26) I was specifically looking for indicators of student engagement 
as a sequence from initial interest to scientific understanding. Fredricks, Blumenfeld 
and Paris, (2004) proposed behavioural engagement may follow a sense of 
enjoyment or interest and precipitate cognitive engagement within contexts. My 
impressions from the teaching journal (lesson 25, 23/06/05) suggested the students 
appeared to enjoy the activity and seemed somewhat stimulated to further participate 
in what could be considered a risk taking activity within the confines of a safe 
environment; all the students worked industriously and autonomously as I took a 
lesser supervisory role (fading). A student was prepared to contribute his 
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observations telling me “you have to change the water all the time because the water 
is getting hotter and hotter” (Line 26). Students appeared to be cognitively engaged, 
evidenced by student responses to my questions (Lines 20 and 22), and Boyd’s 
preparedness to give an explanation to the class (Line 24).  
 
The following day (Lesson 26) some students were away at a swimming carnival. As 
the students were still interested and enthusiastic about the last activity they were 
encouraged to heat up more granite, and this time, at student request, observed the 
broken rock fragments under microscopes. From the activity I noted some students 
investigating with hot water and cold water and making inferences related to the size 
of rock fragments observed under the microscope. On the third day (Lesson 27), with 
interest witnessed by the level of student participation the previous day, I proposed to 
extend the activity challenging the students to discover which environment produced 
the most rock fragments, by designing an experiment to determine the same. 
Normally I would scaffold the activity on the board, with an aim, hypothesis, 
method, result table and conclusion. Unconventionally I decided to remove the 
scaffold and request the students write up the activity in an accepted standard form 
including presenting their results and a conclusion as a means of assessing the 
development of a scientific understanding. The students then continued with the 
activity. The teaching journal entry stated 
 
 
They all [the students] seemed enthusiastic (even though this was the 
third day for some on the activity). This time a lot more measurements 
were taken and recorded. I’m very impressed at the students’ ability to 
work cooperatively and stick to the activity in general. The activity 
flowed so I had a lot of time to interact with the students, lots of 
questions were asked. (Teaching journal, 27/06/05) 
 
 
Outcome data were drawn from student work samples. Three student work samples 
follow Figures 7.3, 7.4 and 7.5.  
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Figure 7.3 Work sample (Ely) 
 
Figure 7.4 Work sample (Danny) 
 
 
Figure 7.5 Work sample (Melissa) 
 
The analysis of the assessment was based on the three principles of scientific literacy. 
All three work samples were personal representations based on each student’s own 
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developing understandings of science. The assessment developed around the process 
of science and was represented by all three students as a conventionally written 
sequence of the methodology; the data (measurements) tabulated as results and in 
one case the idea of replicating the measurements (Figure 7.5). Ely had established 
more of a vocabulary of factual words including, abiotic, weathering and 
environment used in the context of the activity and beyond (Figure 7.3).  
 
From these results students were able to identify the concept that a change in 
temperature led first to expansion followed by contraction of the rock which resulted 
in the breakdown of rock into fragments. Two students interpreted the concept from a 
less scientific view although there was some evidence of the transferability of 
learning; both students displacing scientific explanations with narrative like 
discourse, in this case animistic representations (Klein, 2006).  
 
The cold water breaks it down the most because it expands when it 
is heated and then put into cold it gets confused and breaks. 
(Melisa) (Figure 6.5) 
 
The cold water works better because the rock expands and then 
contracts quickly and [it] has no choice but to break up. 
(Danny) (Figure 6.4)  
 
 
Two of the students at this stage by using animistic representations appeared to be 
trying to fit scientific ideas into their own narratives. 
 
In a focus group interview Boyd related a more pragmatic reaction toward the 
activity, responding to the teacher’s question by acknowledging the laboratory is not 
the “real world”.  
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T- Did you learn anything today about science?  
Boyd- That sand and rocks are the same  ...large rocks break down to sand with a 
sudden change in heat. 
T- Could you relate that to real life? 
Boyd- Yes except rocks won’t crack like that. (Boyd, Interview, 23/06/05) 
 
Student focus groups interviews confirmed an initial enthusiasm for these science 
activities. 
 
Fun fun, fun because you get to do lot of pracs better than primary. I didn’t think it 
would be better. (Matt, interview, 26/05/05) 
 
  
7.2.     Summary and Conclusions  
Content as interpreted in the study was the means by which scientific ideas are 
broached linking the core ideas of particle theory, water and living things with the 
process of science. The example presents a curricular format that is identified by its 
intra-unit coherence, whereby developing scientific understandings are integrated 
within a few key ideas (Shin et al., 2009). Scientific ideas included factual 
information, the processes of science and the application of science. These scientific 
ideas could be strengthened with a variety of representational material, which may 
when connected by interactive experiences offer the students a way to act through the 
rigour of the scientific process into thinking scientifically. 
 
Academic rigour was strengthened in two ways; firstly by conveying clear 
expectations and scaffolding activities that can be built on student prior experiences 
and understandings. Secondly by providing classroom environments and extended 
experiences that facilitated social interaction in contexts of interest that could 
enhance and sustain student engagement.  
 
Content and process were seen as interdependent; students ‘doing’ science and 
thinking about what they were the doing and why they were doing it. The rigour of 
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the scientific process was embedded in the activities as a mechanism to contribute to 
understanding the content. Processes included collaborative research, experimental 
techniques, observation (classification), measurement, the use of tables, and 
diagrams. All are representational and contributed toward model development; a 
process of slow and individual evolution. 
 
The two vignettes highlighted that multiple representations can help strengthen the 
development of student conceptual models by supporting student perceptual 
understandings, through scaffolds that build on scientific ideas. The first example 
“cloud in a bottle” helped clarify student understanding of changes of state initially 
capturing student interest with the unexpected observable outcome. The explanation 
was aided by discussion using diagrams, analogy and previous representations, both 
theoretical and practical, toward building a conceptual model. The second example 
(Figures 7.3-7.5) used student representation as an assessment tool to identify student 
understanding of how scientific methodology contributes toward development of 
scientific ideas. In this case the models were useful as an assessment tool helping me 
analyse student representations of their internalised understanding of scientific 
process.  
 
Within the study evidence suggested students should be exposed to multiple 
representations of scientific concepts including manipulatives, pictorial 
representations the use of symbols and numbers, all strengthened by discourse within 
the classroom. Both the clarification of activities to be undertaken and the 
explanation of those activities were dependent on the teacher scaffolding meta-
cognitive structures into the activities. For these students to develop conceptual 
understandings within science they had to be exposed to a variety of experiences 
within different contexts that allowed them to make connections over time.  
 
Both activities had assessments built around them as part of the curricular structure 
offering a means of rigorously strengthening conceptualisation of scientific ideas. 
The first vignette ‘cloud in a bottle’ was associated with a concurrent assessment, a 
Slide Show related to Particles of Matter and Changes of State (Table 4.1). The 
second vignette was associated with a home assignment ‘growing sprouts’ (Table 
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4.1) as a mechanism to strengthen student understandings of the interaction between 
the biotic and abiotic components of the environment. Both assessments and class 
work were co-dependent, where practice informed theory and conversely theory 
informed practice. Student perceptual understandings of doing science were the 
precursors of conceptualisation of scientific ideas.  
 
In summary from a student-centred perspective students were motivated through 
interest to participate in developmentally appropriate “fun” activity; acquiring a 
procedural knowledge through experience. A scaffold was presented as a cognitive 
strategy to encourage metacognition through students participating and contributing 
to class discussions as competent makers of knowledge, as they became more aware 
of what they were doing and why they were doing it. Individual differences in 
students’ representation of scientific understandings (models) were acceptable at this 
developmental level, with my belief that scientific understandings were ‘works in 
progress’.  
 
7.2.1.     Personal reflection 
This chapter describes a changing classroom dynamic whereby students were more 
able to transfer scientific ideas into new contexts. Novel activities in this chapter 
were not only entertaining experiences but facilitated the application of new learning 
of scientific ideas into other contexts. 
 
The SCOPS instrument identified the classroom as a dynamic learning context. A 
definitive learning scaffold (Figures 7.1 and 7.2) was established that enabled 
students through a balance of student-centred and teacher-centred strategies to 
transfer their scientific ideas to new contexts. Evidence was provided through video 
transcripts and the teaching journal that a forum for rigourous contemplation of 
scientific ideas was evolving. The learning scaffold subtly provided clear 
expectations of the activity and time for student and teacher interaction toward a 
consensus, though not necessarily the definitive explanation of scientific ideas.   
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Chapter 8:    Meaningful Curricula  
The fourth proposition arising from the theoretical framework of the study in 
consideration of my future teaching practice was to: 
 
 
Support students to find or develop connections with their own experiences 
 
 
8.1.     Introduction  
At an early transitional stage, adolescents whilst perceiving science to be fun could 
find it difficult to appreciate a de-contextualised short term product approach 
(Holbrook & Rannikmae, 2009) where reductionist laboratory science does not 
adequately explore the interactive processes of science. Eliciting students to think 
about their experiences through the rigour of the scientific process and discourse may 
help alleviate the difficulty of accommodating scientific understandings into their 
own narratives. 
 
8.1.1.     Meaningful curricula 
In the study some students reported the primary school science curriculum to be both 
disjointed and unrelated. A student, Remmie commented 
 
 
I absolutely hated science [in primary school], we would go back after 
lunch and the teacher would read it out load and we would write it in our 
books. (Remmie, interview, 08/08/05) 
 
 
Students coming to high school were not all able immediately to perceive phenomena 
via a scientific perspective; students had to be encouraged to see through a scientific 
lens. Concepts had to develop through experience of science, through familiarity, a 
familiarity that was developing through integrated understandings, focusing only on 
a few key science ideas (Shin et al., 2009). Scientific understandings were further 
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developing within a curricular structure that with teacher support tried to be 
contextually relevant, explorative, and open-ended, within recurring themes. 
 
Two students expressed that they came to high school with mixed expectations of 
learning in science. Rhys reflected that in primary school  
 
 
We had science out of a book…actually I thought it was not going to be 
as good because down in Sydney they don’t do stuff like this… we had 
an orientation day and we watched classes doing work. (Rhys, interview, 
13/05/05) 
 
 
Rhys’s inference referred to classes writing out text summaries. Trevor was 
sceptical about the proposition of science in the classroom 
 
 
[I expected] boring stuff… pen and paper, all my friends [older students 
at the school] told me they had bad teachers and stuff and it’s pretty 
boring. (Trevor, interview, 18/05/05)  
 
 
These student observations suggested that they needed a more supportive 
environment that provided experiences that from a scientific perspective were 
engaging and could help develop ways of thinking scientifically. 
 
The curriculum in the study was envisaged as a means of presenting activities from a 
scientific perspective that were redolent of student experience in a way that would 
encourage collaborative thinking about phenomena within their environment; 
bringing the familiar close to the unfamiliar. As part of the learning progression 
topics were merged and ideas re-visited to enable students to explore science, as a 
means of “expanding the content by deepening the treatment” (Confrey & Lachance, 
2000). On reflection I recognised that a more holistic approach to science had 
developed and the class was less subjected to a compartmentalised model of science. 
The initial reductionist exercises evolved into more holistic experiences that tried to 
explore content in a broader context. My role became one of provocateur by 
extending the students through exploratory activities to reflect on their own 
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experiences both in and outside the classroom. Student experience was considered 
the precursor of student scientific conceptual development. 
 
Student experience of science in the classroom was originally by way of observation 
and then describing these observations. It was difficult for the students to think 
scientifically beyond observation without teacher support. With more experience and 
a developing theoretical scientific understanding the students were becoming more 
amenable to being challenged collaboratively to think scientifically through the 
rigour of the scientific process. The curriculum became a means of telling a story of 
the dependencies and interdependencies of the biotic and the abiotic environments.  
 
Dispersed within lessons were field trips to observe record and eventually measure 
some aspects of the local habitat. The habitats visited included, a creek bordering the 
school, a rock platform, a beach and sand dune all within walking distance of the 
school. Two open-ended assessments were embedded into the curriculum at this 
stage; one as an extended group expression, a video production, and the other as an 
individual challenge to grow sprouts at home. The classroom however was the 
central point where activities were initiated, discussed and where scientific ideas 
were elucidated within the context of each activity. To be meaningful for learning, 
the curriculum would try to support the development of student understanding by 
helping students make connections between their perceptual understandings and the 
scientific conceptual models presented. 
 
8.1.2.     Vignette: a misalignment 
From observation the students always enjoyed activities that had some part outside of 
the classroom and I could see a benefit of situating their learning in this more 
congenial environment. The local environment was seen by me as a means of 
enhancing scientific understanding by linking the familiar to scientific ideas within 
this context. Essentially the context was a coastal environment where the class had 
access within 15 minutes’ walk to a creek, a rock platform and a beach. Nonetheless, 
I felt the initial venture into the local environment proved less than educative to the 
students, and frustrating to me. The students were not immediately excited with the 
prospect of analysing the environment and viewed the excursion as a continuation of 
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the “playground.” Excerpts from the teaching journal (Table 8.1) recount my wishes 
and the reality: 
 
Table 8.1 Teaching Journal 16/05/05)  
Date What I tried? What actually happened? 
16/05/05  
 
Lesson 10 
(period 4) 
I want the students to work on the 
project in their groups. The groups 
were already changing; this will 
give the students a chance to 
become familiar with new people 
in a less formal setting.  I will also 
try to weave two scientific concepts 
together whilst we take a look at a 
body of water, the creek; a natural 
environment. One concept is tidal 
water movement and the other 
classification of living things. I 
want to ask the students at what 
stage is the tide and the tide cycle 
and also get them to observe as 
many organisms as they can in this 
environment. 
My expectations were given to the 
students then we walked to the creek. 
This was a very social experience a little 
like being in the playground, very 
active. The students divided into their 
groups and thought about the project on 
and off (more off than on). I think the 
project has stumped some students and 
they may prefer to put it in the too hard 
basket. However I was able to re-
invigorate their ideas with a little 
positive reinforcement. Again the 
environment was not particularly 
conducive toward active engagement 
concerning their project, so we had a 
brainstorming session to tighten up my 
control. The tide was coming in 
however the wind was producing an 
effect that the tide was actually going 
out (a few students placed sticks in the 
water to try and deduce the water 
movement).  We also touched on the 
concept of classifying living things (the 
first time I introduced the term 
organisms). We managed to distinguish 
between living and non-living and 
worked out five characteristics of living 
things. Back to the classroom for a little 
formal lesson (chalk and talk) on how 
tides are generated. They were 
interested in the concept that as the 
earth revolved, the bulge of water in line 
with the moon did not, thereby creating 
the tidal effect.     
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My initial thoughts about the activity were to try and situate student thinking about 
water and living things within the context of a creek. I also wanted the students to 
start thinking of an impending video project in an informal setting where they may 
learn more about each other, but with no scaffold the class were aimlessly enjoying 
their relative freedom. I had not considered the student response to this unconstrained 
“class setting”. I imposed in this case a somewhat didactic structure of teacher-
centred brainstorming to “tightening up control” in a reaction to my consternation. 
This in part was achieved by re-focusing the students’ attention to tidal movement of 
water and then asking them to identify organisms associated with the habitat. It was 
not until the next lesson in the classroom (Figure 8.1) that a consensus was reached 
on a basic resolution of tidal flow and its relationship to the earth. SCOPS (Figure 
7.1) initially depicted employment of pictorial descriptions in green (A), including 
worksheets and further diagrams followed by discussion, highlighted in yellow (B-
C). One student, Melisa noted that it was not so much the pictorial descriptions but 
the class discussion that resolved her understanding  
 
 
The tide thing was confusing at first [the sheets and diagrams] but after 
everyone had their say I was able to piece it all together. (Melisa, 
interview, 17/05/05) 
 
 
Towards the end of the lesson students were encouraged to think about their video 
presentations in individual group discussion (D). 
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Figure 8.1 Classroom instructional pattern for lesson on the tidal effect. 
 
8.1.3.     Analysis of vignette  
The example depicted the difficulty of consolidating scientific conceptual 
understandings, presented as transitory experiences that were outside most students 
lived experience, without considerable teacher support. I was being optimistic 
expecting students to stay on track when they were in the initial stages of forming 
new social connections, as well as deciding on a topic for the video presentation. 
Teacher support was necessary to help initiate ideas for the video presentation and to 
precipitate a discussion about tidal flow and living things. My consternation with 
student disengagement led to a more structured approach which was easier back in 
the classroom (SCOPS Figure 8.1). Teacher support was dependent upon a 
relationship with the class that was both amenable to discussion and group 
interpretation, as well as using multiple representations with examples that were 
familiar to the students. Logistically this was easier in the classroom, especially to 
initiate whole class discussion; “letting everyone have their say”, with the aid of 
more symbolic and pictorial representations (SCOPS Figure 8.1 A, B and C).  
 
The activity became a precursor for promotion of student scientific thinking with a 
succession of lessons evolved from the initial introduction. Within the following 
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lessons students completed work sheets that highlighted some misconceptions related 
to living and non-living things; these misconceptions were exacerbated by the 
enigmatic nature of one work sheet as recorded in the teaching journal 
 
 
The worksheet on living and non-living things was of interest. I thought 
it would be easy (elementary school stuff) however it turned out to be 
more enigmatic than I had originally thought. However this was an 
advantage in explaining that unless matter conformed to all the identified 
processes associated with living things the object was indeed not living. 
(Teaching journal 17/05/05) 
 
 
These misunderstandings led to an activity where students had to differentiate 
between the growth of yeast cells and copper sulphate crystals, and a table was 
formulated to help distinguish living and non-living examples by class consensus. 
The concept of the characteristics of living things precipitated an examination of 
dichotomous keys; a syllabus directive (Table 4.1.). The students found these keys 
difficult to interpret as the keys I originally presented (classification of minerals) 
related to concepts beyond student understandings at the time, and needed a teacher 
explanation one on one. A simplified solution was devised whereby the students were 
presented with a table that allowed them to work in large groups toward classifying 
themselves as individuals; the table acted as a key. This activity was done outside of 
the classroom, where students had room to circulate from large groups toward 
individual classification. One student, Briney observed 
 
 
The classification of the group was fun but the worksheet [original key] 
was harder. (Briney, interview, 19/05/05) 
 
 
This was a case where the students could immediately identify with the concept of 
classification by participating in the process. An excerpt from the teaching journal 
recorded  
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Once the students had done the exercise of classifying their group, I 
could verify that all the students understood the process. (Teaching 
journal, 19/05/05)  
 
 
I felt the students were becoming comfortable with the outside environment, and 
enjoyed the relative freedom of movement when either participating in activities that 
were group dependant or in the context of exploring and reporting on local habitats 
as individuals. One student, Nels, reported that learning activities associated with the 
outside environment can be relevant to their learning  
  
 
We want to learn stuff about the environment we actually get to see it 
rather than writing it down and [instead of] imagining it. (Nels, interview, 
26/05/05) 
 
 
I hoped to utilise the familiar environment to further stimulate student interest and 
engagement by observing relationships between the biotic and abiotic environments. 
 
8.1.4.     Vignette doing science: a constructivist exercise.  
The following is an example of an explorative activity that continued within the 
themes of water and living things. This activity, like many other activities evolved 
over more than one period. The activity was designed to use the full 80 minutes as an 
exercise that could emulate a “scientific experience”, measuring and observing a 
sand dune environment. A transect was deemed a method whereby individual groups 
might discover a range of environments and a diversity of organisms within the dune 
succession that may be worthy of reporting to the whole class. The excerpt from the 
teaching journal (Table 8.2) described an overview of the exercise. 
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Table 8.2 Teaching Journal (08/06/05) 
Date  What I tried? What actually happened? 
Lesson 20  
 
(period 1)  
 
8/06/05 
I want to use the full 80 minutes as 
an exercise that students will be in 
a real life situation as scientists 
measuring and observing the sand 
dune environment. A transect 
seems to be the best because 
individual groups can take readings 
in slightly different environments 
in order to see diversity within the 
dune succession. An ulterior motive 
is to implant in their minds the idea 
of diversity getting them ready for 
planting out trees in the area behind 
the fore dune in order to increase 
diversity of flora that may 
contribute to more diversity of 
fauna. The work sheet comprised a 
number of measurements and 
observations that had to be taken 
by the students. 
The explanation of what the students 
had to do was a little brief however the 
students got into the spirit of the 
exercise and any specific questions were 
handled as we did the transect. The 
students enjoyed the exercise and were 
able to differentiate between the 
different zones on the dune they were 
interested in the change in colour of 
their “soil” samples as they moved away 
from the water’s edge and most related 
this change to plant growth and organic 
matter. The students had to plan and 
find ways to negotiate the transect 
through the bush and decide where to 
take their measurements. Whilst 
students were working toward the end I 
introduced some students to some 
common plants and their relevance to 
diversity (bitou bush).  
 
The students were asked to record and report on the diversity of habitats and 
organisms by traversing a sand dune at different distances from the water’s edge. A 
worksheet was provided that directed the students to record and tabulate different 
observations and measurements of temperatures, wind speed, shade and organisms or 
evidence of organisms as well as collect samples of sand to be observed back at the 
classroom. The students had been introduced to the concept of plant succession in a 
prior excursion whilst walking to a rock platform. I had pointed out to the class 
specific plants that were noted in a work-booklet. On the first day I gave an 
abbreviated overview of the activity (Figure 8.2, A) in anticipation that students 
would respond by requesting clarification of what they were to do. The video 
transcript below described my initial introduction of the activity to the class (T-
teacher, S-student). 
 
 150 
1. T- “What you’re going to do today is you’re going to do the sand dune that you 
had a look at when you had these booklet  [displays a workbook the 
students previously used related to beach ecology]. What you’re going to 
do today is do some measurements of the dune. You’ll find, well I won’t 
say much about the dune [shows class worksheet to be completed during 
the exercise].  On the back of the sheet I’ve given you the same sheet [as 
the workbook] to recognize some plants but on the front in your groups 
you’re going to measure the ground temperature. 
2. S- [Contributes] How do we measure? 
3. Remmie- [Contributes] How will we remember? 
 
 
The students considered the prospective activity worthy enough to request 
clarification of how they would measure and record these measurements. 
 
4. T-You are going to do one sheet per group today and copy up the rest later. OK I 
need a person from each group to take a pen. 
 
The video transcript identified a comment made by an accompanying adult:   
 
Video Transcript 
One group understands they are measuring the sand dunes but not quite sure why and 
another boy has limited comprehension of why he would be studying the sand dune. 
(Video transcript 08/06/05) 
 
Video observations indicated initially students were dependent on the teacher and the 
accompanying adult to sort out any ambiguity. What the students were doing and 
how they were achieving the goal become more apparent as the students participated 
in the activity. Boyd reported: 
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 I’m liking it, getting samples from the water and up… we are learning something 
how the different samples change it’s good to learn new stuff every day. What we’re 
going to do in about two weeks’ time is just rip this stuff [weeds] out and plant some 
new trees we’re hoping. (Video transcript, 08/06/05) 
 
Boyd could see relevance for the future in that students were to participate in a 
community project involving re-generation of vegetation on the dune. By the end of 
the activity students were familiar with a change in the environment along the 
transect. 
 
 
Figure 8.2 Classroom instructional pattern Beach transect    
This was an activity that progressed with little initial input from me (Figure 8.2, A) 
which resulted in some initial confusion. The misconception was resolved either by 
consultation with the teacher or the accompanying adult, or between groups (Figure, 
8.2, B).  
 
Focus group interviews immediately after the activity indicated both evidence of new 
learning and some relevance for the activity within the context presented. 
Unexpected results indicated to me that the students were thinking about the activity 
and not just doing it. A student commented during a focus group interview 
(Interview, 08/06/05). 
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1. Jasmin- The measurements were unexpected for our group because it was colder in 
the sun than it was in the shade, I would have thought about it the other 
way around.    
 
2. T- Yep, so any ideas why?  
 
3. Jasmin- Because it was at the water and the water cools it down. 
 
  
When asked “What’s important to learn in science? What stuff?” Students’ responded 
with mixed feelings about the relevance of the activity. 
 
4. S- Stuff that is relevant to everyday life. 
 
5. T- Was your learning helpful today? 
 
6. Erica- I don’t think it will help me with anything but it’s good to know more stuff. 
I don’t think I am ever going need to know that sand changes colour or 
anything but it was fun.  
 
7. Rhys- It was relevant to what we are learning. 
 
Although Erica (line 6) was unclear of the relevance to her both Jasmin (line 1) and 
Erica did express new learning occurred, relating to the changes in temperature and 
the colour of the sand. Rhys’s comment was acknowledged and supported by the 
focus group (line 7) and validated my expectations that that the activity was relevant 
within the theme being presented. 
 
The second day’s activities in the classroom were focused on consolidation of the 
field work starting with student interpretations of the dunes (observation) and 
completion of the transect worksheets. Video evidence suggested dialogue was still 
important to clarify the results, with vigorous conversation between myself and the 
students in order to complete the work sheets. SCOPS (Figure 8.3) verified teacher-
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student communication (A) highlighted in yellow as individual groups contributed 
their results for me to tabulate on the board (highlighted in green) and then 
transferred to individual worksheets.  
 
 
Figure 8.3 Classroom instructional pattern Dune Study 
I noted that this was an orderly event with each group respectful of the other results. I 
re-counted in the teaching journal (Table 8.3) that the students were highly engaged 
(animated). 
 
After the table was completed the conversation continued with individual students 
contributing their own observations. The class conversation led to my drawing 
attention to some “contaminated” Petri dishes with a variety of fungal growths that 
had been left by a previous class (Figure 8.3 B). I asked the class to come out to the 
front of the classroom and observe the variety of fungal growth. Video evidence 
recounted my description of the Petri dishes as a way of revisiting characteristics of 
living things and reminding the students that fungi are living organisms.  
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Table 8.3 Teaching Journal (13/06/05) 
Date What I tried? What actually happened? 
Lesson 21  
 
period 6 
 
(13/06/05)  
Look at the student result tables 
and compare results. From last 
interviews and observation I think 
the most important thing to keep 
students actively engaged is the use 
of measurement to help students 
ask questions, it was not good 
enough to observe the rock pools 
the difference was measurement; 
useful (relevant) measurement.  
Observation is fine, however we started 
with the students’ interpretations of 
observations and measurements of the 
dune   The students were animated, and 
they seem to enjoy recounting their 
results and qualifying them.”  
Completed the dune transect worksheets 
then quickly looked at contaminated 
Petri dishes left by a previous class. I  
tried to explain that microbes exhibit the 
characteristics of all living things  and 
then moved on to the microscopic 
analysis of the different sand samples 
(I’ve never understood why kids have to 
have their “microscope license” it took 
the students five minutes to work it out). 
The class were researching without my 
input (except for the occasional 
focusing), I probably did not think of 
this, however they were actively 
working and genuinely excited about 
observing their own collected samples. 
The student observations seemed to 
confirm to them plants produce organic 
matter that changes the colour of the 
soil (new learning). (A few students 
were away at a dance performance) 
  
 
This is what happens if agar gets contaminated. A beautiful hairy 
fungus it is a living thing so it takes in assimilates food, it grows, it 
reproduces, it eliminates waste. One of those wastes is a gas. The 
variety is quite stunning; don’t forget funguses are quite natural. What I 
want you to do, I want you to use the microscopes these are binocular 
microscopes. (Video transcript, 13/06/05)  
 
 
The description led into an introduction of the use of microscopes as a tool for 
researching small organisms. The introduction consisted of giving a brief 
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demonstration of the microscope and letting the students discover for themselves 
how to use it. SCOPS (Figure 8.3 C) depicted the class researching different soil 
samples and identifying various organisms moving under the microscopes. I assumed 
a role of facilitator, helping students focus the microscopes occasionally and pointing 
out more organisms. Video evidence identified the students to be actively working 
and genuinely excited about observing their own collected samples. Student 
comments included “aww’s,” “let me look!” “[finding] tiny animals it’s pretty cool.” 
Students showed each other their discoveries and asked me to observe their findings, 
helping each other discover the diversity of organisms that lived in the soil samples. 
One student, Melisa reflected in a focus group interview after the activity   
 
 
That bugs live in the ground and help leaves break down… insects look 
after the ground and the trees. (Melisa, interview, 17/06/05)  
  
 
When questioned had you thought about that before? her reply No! Two students 
confirmed that they were learning by doing. Kelly and Melisa when questioned, 
(What do you think science is?) they both responded, stating Observation! (Kelly) 
and… Discovery! (Melisa). (Interview, 17/06/05) 
8.1.5.     Analysis of Vignette 
The students had become familiar with a style of classroom organisation that 
introduced activities either by a brief description of the activity or by demonstration 
by the teacher. As the activity unfolded the learning outcomes become more apparent 
through a curricular structure that encouraged students through participation to 
collaboratively reflect upon what, how and why the activity was undertaken.  
 
Work samples (Figures 8.4 to 8.6) used in assessment of student scientific 
understanding illustrated that the activity had to some extent fulfilled the three 
dimensions of scientific literacy, and gave the opportunity for the students to 
demonstrate their reflections on what they saw (as a diagram), what changed as they 
moved from the beach up the dune and why the environment had changed? By 
performing a simple content analysis I was able to formatively evaluate student 
understandings from a scientific literacy perspective.  
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I identified the student scientific explanation of the phenomena presented as the 
content and conceptualisation of science. The two samples selected adequately 
covered the requisite explanation of the causal relationship that brought about some 
form of change. The students were able to identify changing nutrient status of the soil 
as a reason for change in distribution of the flora (Figure 8.4) “further up the dunes 
there’s more nutrition and dirt so plants can grow”. Figure (8.6) described plant 
changes initially as “adapted to survive in these conditions” and as the plants move 
away from the “water’s edge”… “plants need more nutrients…more dirt to grow in”. 
However different groups recorded conflicting temperatures along the transect and 
consequently student explanation also varied. The student understanding of 
temperature variation was consistent with their individual observations, although 
Figure 8.5 suggested student confusion, the results being changed in the final report 
“The ground temperature got hotter/colder in the open area and colder/hotter in the 
closed areas. 
 
The nature and process of knowledge was represented in Figures 8.5 and 8.6, and 
based on the processes of observation and measurement. The students illustrated 
these processes with diagrams of the dune plant succession. Figure 8.5 extended the 
explanation by incorporating changes in temperature adapted from the original tables 
completed by the students.  
 
The third requirement toward a scientific literacy is the relationships between science 
and society. Only one student attempted to represent a relationship (Figure 8.6) by 
stating that “big trees can shelter the beach from pollution”, presumably from car 
emissions.  
 
At this point in the development of student scientific understanding, I was not 
looking for definitive scientific statements but an appreciation of how scientific 
understandings are developed. This had been an interpretive exercise where students 
were part of the process, firstly by collecting data and then transforming the data into 
a tabular format that helped them to conceptualise via a report some theoretical 
scientific understanding of the dunal system.   
 
 157 
 
Figure 8.4 Dune transect report David 
 
 
Figure 8.5 Dune transect report Kelly p. 1 
 
 158 
 
Figure 8.6 Dune transect report student 3 
 
8.1.6.     Vignette Assessments-a short-term project. 
Although homework was rarely given, I saw assignments as an important means of 
developing thinking about science outside of the classroom. During the latter part of 
the study two assignments were originally conceived as assessable projects. The first 
was a challenge to grow Alfalfa sprouts, as a hands-on only exercise (Table 4.1). As a 
teacher of agriculture I often assigned this project to junior classes as a means of 
introducing them to the factors necessary for sustaining plant life. The project from 
my experience was considered a novel activity that could involve family 
participation. Initially, I would demonstrate the procedure and then write up the 
scaffold and give each student a measured amount of seed. If the students didn’t 
succeed in growing the sprouts the first time, they were given more seeds to repeat 
the process. The following dialogue was initiated when two students presented their 
finished products and gave me an opportunity to explain the unexpected results of 
two differing phenotypes; one sample was green sprouts and the other white sprouts.  
 
I was able to further develop the concept of experimental design by encouraging 
dialogue through prompts. I then brought to the students’ attention the unexpected 
results of the two different phenotypes and the concept of dependent and independent 
variables without giving specific scientific definitions.  
 
T- When we do experiments [stops till class is attentive] you start off with the same 
material everybody gets the same. OK you all got the same seeds exactly 
they were all picked at random so the way they should turn out is? 
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S- [Contributes] Same. 
T- Is all exactly the same. But we know that they have had slightly different 
conditions I would say did you [talks to Nigel] put that in no light? 
Nigel- In the cupboard.   
T- In a cupboard and this one [holds up Oliver’s sprouts] and I know that this one!  
[gestures to Oliver] 
Oliver- On the bench.  
T- On the bench. 
 
The differences confound Trevor’s understanding of plant requirements, precipitating 
further dialogue. 
 
Trevor- So did they have light? 
T- So one had light, this one [the green one] and one didn’t. 
Trevor- So the lights better? 
T- So one had light and one didn’t! 
 
I pointed out that both results were acceptable. 
 
T- So when you buy sprouts, you probably buy the sprout more like that [holds up  
Nigel’s sprouts]. 
Trevor-[contributes] You said they like dark but!  
 
 
Trevor was prepared to challenge my original description of how to grow the sprouts 
in order to correct the ambiguity of the results.  
 
T- I said if you’re going to grow plants you put them under the soil and they don’t 
seem to get much light do they? 
Trevor- No. 
T- But eventually they do pop up and they do get light so there’s nothing wrong with 
that. It’s just that I can tell, because when plants are subjected to light 
they go what colour?  
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S- Green! 
T- So that’s the reason [holds up both lots of sprouts] light, no light but both results 
are perfect you’ve done it right and there not bad because you’ve been 
eating them and nobody’s keeled over so far, and I also know because 
they are so clean that they have been washed regularly and the other 
thing is somebody tried to trick me by buying them. 
 
By relating the results of the activity to student experience student interest was 
heightened and a dialogue continued.   
 
Boyd- [contributes] I was going to do something like that; they’re up at the super 
market!   
 
T- They’re there all the time, how do you think I would know? 
 
Other students were willing to join in. 
 
John- [contributes] Cause they look different!  
Nigel- [contributes] They don’t have all the little green things at the bottom.  
T- Exactly they don’t have the seed coats at the bottom. 
 
 
The students started to respond to other student’s explanations. 
 
Danny- [contribute] Ken, you bought them! 
 
 
Ken was considered by some students to be more accomplished academically and 
occasionally was perceived as different. I was dismissive of Danny’s admonishment 
of Ken but was intent on re-visiting characteristics of living things. 
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T- So they got perfect results. We know they are living things because they have all 
the characteristics of living things what’s one characteristic? [points to Oliver] 
Oliver- They reproduce, they grow.  
Josh- [contributes] They get rid of waste.  
S- [contributes] They get food.  
 
 
 
8.1.7.     Analysis of Vignette  
Originally the assignment was conceived as a mechanism elucidating the factors 
needed to sustain plant life. Students needed to manipulate the environment to keep 
the plants growing which involved persistence and a sense of responsibility to 
achieve their goal. The project ended up having two scientific outcomes. Besides 
helping explicate the factors that sustain plant life, the assignment presented an 
opportunity through a scientific lens to introduce the concept of variability within 
populations. The unexpected results stimulated dialogue between the students and me 
which helped enable the students to further build on their scientific understanding. 
Students were able to establish why the sprouts were different and at the same time 
re-affirm characteristics of living things with the teacher’s support. Scientific 
understandings or ideas were not isolated in one context but were strengthened when 
the students were able to use these understands (prior knowledge) to confront new 
contexts.   
 
8.1.8.     A long term project 
The second assignment was a group expression; a video project (Table 4.1). The 
project-based video production was conceptualised as an overview and a continuum 
of the collaborative exploration of the topic water, designed to exploit my belief in 
student competence with the audio visual medium.  The use of themes depicted by 
individual projects was conceived as a way to engender further engagement and 
scientific understanding, especially associated with the relationship between science 
and society. The project extended over one term with students working intermittently 
on the presentations in class and the library, researching and scripting the 
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presentations that would ultimately be completed at home with the intention of 
viewing and adjudication in class. Student adjudication was based on three criteria 
associated with science literacy: scientific knowledge, scientific process and 
scientific relevance (Figure 8.7) as well as provision for critiquing the presentations. 
By the end of the term only three presentations were ready for viewing. An additional 
student video observation of the dune transect was presented for student comment.  
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Figure 8.7 Criteria worksheet for science literacy 
I was disappointed with the slow response to the assignment. The teaching journal 
described the difficulties associated with this form of presentation with adolescents. 
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…two students did not want a public showing, two others said the 
logistics were too difficult due to the students living in different areas 
however they are willing to present it to the class next term…It is 
interesting that two presentations were individual presentations, these 
two boys have spoken openly that they cannot work together in practical 
situations and in class have opted to work as individuals. The other 
presentation was by four girls. One group of girls are still working on 
their script (to get it right)… Three other girls have completed their 
presentation however it is not on a tape we will see it next term. 
(Teaching Journal 29/06/05) 
 
 
Logistically the presentation was difficult even though students had spent class time 
conceptualising the project, including mind maps (Figure 8.8 and 8.9) and scripting 
the production. Two groups of boys and one group of girls gave their presentations 
early in the next term. Adjudication of the presentations (Figure 8.7) from a student 
perspective was described by some from a content perspective. These included terms 
such as “it had a lot of facts about it,” “great information”,” a lot of information” 
“put lots of information into it”. Most students were reticent in critiquing the 
presentations but were prepared to score the presentation.     
Figure 8.8 Student mind map for hydroelectricity 
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Figure 8.9 Student mind map for water facts video 
The project was not used as an assessable task, with respect to the difficulty some 
students had in completing the task, as well as recognising that some students did not 
want to be “on show" in front of the class. The diversity of video projects included 
general themes on water (Figure 8.9) with facts about water, a theme of conserving 
water “Deeper Water”, the use of water for making hydroelectricity (Figure 8.8), a 
water powered boat and a “Magic Trick” involving the properties of water.  
 
One other project provided students with an opportunity to link science to the wider 
community and gave them a sense of ownership. A community re-vegetation project 
developed from the sand dune transects was viewed by students as an opportunity. 
One student reflected 
 
 
I like it when you are the only class doing stuff because you get more 
opportunities if it’s something really big everybody should have a go at 
it. No one else [other class] has had the opportunity to go over there. 
(Carissa, interview, 22/06/05) 
 
 
She further went on to describe the project as  
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Helping the environment…doing a good deed! (Carissa, interview, 
22/06/05) 
 
 
Another student comment was similar  
 
 
When we ride past or drive past, when they are heaps big and stuff we 
can say we planted those trees…[it will help by] doing what-ever trees do 
to help the environment, giving more oxygen and make more life there. 
(Boyd, interview, 23/06/05)   
 
 
8.2.     Discussion and conclusion 
It was apparent that a common curricular structure analogous to both middle school 
characteristics (Beane, 1991) and learner-centred conditions (Table 2.3) was 
developing, contributing to both student engagement in activities and assisting an 
increased understanding of science. Both the SCOPS and CLES (critical voice) 
instruments indicated a shift of power toward a more student-centred classroom 
environment. Students were comfortable with extended explorative tasks that were 
open ended and gave them a chance to make predictions and deductions and express 
their own findings, contributing to a sense of competence and autonomy. Recurring 
themes widened the students’ ability to interpret their observations with teacher 
support.  
 
The curriculum endeavoured to incorporate contextually relevant activities that were 
explorative extended activities that challenged students to express ideas from a 
scientific perspective. Some experiences confronted students with unexpected results, 
both challenging their conceptual understandings and extending students to resolve 
their uncertainty through dialogue. 
 
Assignments were embedded into the curriculum as a further mechanism to stimulate 
student thinking by re-visiting concepts.  One student observed  
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Projects are good at home. They make you think about your learning.  
(Nigel, interview, 08/08/05)  
 
 
From a scientific literacy perspective the curriculum at this point presented 
classroom activities that highlighted scientific process as a way of discovery and a 
scientific explanation within the context of the underlying foundational concepts 
(Shin et al., 2009) of particle theory. Two projects helped emphasise the relationship 
between science and society, the video project and the dune regeneration activity. 
The video project gave an opportunity for the students to present a diverse overview 
of water as a resource. The project was initially disappointing with only three 
presentations submitted on time. Having recognised the problems associated with 
and in respect to individual students, I did not use this as an assessable task. An 
explanation would suggest that within the curricular structure teacher support was 
less than adequate outside the realms of the classroom to help stimulate student 
motivation. The literature suggested that adolescent students function better with 
achievable short-term goals (Ames, 1992; Palmer, 2004) as they may have less of a 
sense of belonging outside of the classroom (Ryan & Deci, 2000).  
 
The dune regeneration project gave the students an opportunity to link the class to the 
community through science. Focus group interviews suggested the revegetation 
exercise to be less about scientific learning, rather a more a positive opportunity, 
linking students to science beyond the classroom “helping the environment [by] 
doing a good deed.” 
 
Video observation and student response highlighted a curricular structure that offered 
scientific experiences that challenged the students through the rigour of the scientific 
process to interact with and explore their environment physically, socially and 
psychologically, as way of negotiating their world. In these settings students were 
more prepared for the unexpected results that challenged their perceptions, and 
through collaborative reflection helped enhance their learning; by bringing the 
unfamiliar closer to the familiar. 
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8.2.1.     Personal reflection 
Within Chapters 5, 6 and 7 there is evidence of an evolution of both curricular 
structures and pedagogical strategies. The curricular structure presented in this 
chapter, become less subject to a compartmentalised model of science, offering more 
exploratory tasks with assignments embedded as a means of thinking about scientific 
concepts in different contexts In other words a deeper exploration of fewer scientific 
concepts (Vosniadou ,2012). Student scientific thinking was evolving from simple 
observation, making simple descriptive statements about natural phenomena that are 
accessible to the senses, toward making inferences. Inferences are defined by 
Lederman and Lederman, (2012) as explanations of the natural world and a result of 
human interpretation, in this case by group consensus. The SCOPS instrument 
demonstrates the evolving pedagogical structures, becoming more student-centred as 
the intervention proceeded. 
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Chapter 9:    Individual differences 
The fifth proposition arising from the theoretical framework of the study in 
consideration of my future teaching practice was to: 
 
 
Promote a learning environment that is both inclusive and supports 
individual differences. 
 
 
9.1.     Introduction 
In the study, activity was considered the ingredient that motivated students to firstly 
engage with other students. Students reflected on a sense of belonging through group 
association. Ryan and Deci (2000) reported the primary reason people initially 
perform actions is to feel attached or related, to feel a sense of belonging. In this 
study most extended activities incorporated group reporting of results leading toward 
a sense of autonomy within the classroom community. Ryan and Deci (2000) further 
reported a sense of autonomy reflects a holistic processing, whereby an activity is 
endorsed by a relevant reference group in which the person feels competent and 
related, where they are actively able to integrate values of their own. In some cases 
assignments, group reporting and discussion prompted individuals to think about 
their own interpretations and understandings of the scientific concepts presented. 
 
9.1.1.     Addressing individual differences 
When the dynamics of the science classroom were considered, the group became 
important in identifying the problem or purpose of the activity, toward these ends 
individuals within the group must feel included. The understanding of the concepts 
presented became an individual challenge if the student wished to feel competent. 
The CLES instrument identified critical voice as a component of individual 
contextualisation and conceptualisation of a problem or activity. Inclusivity appeared 
to have a strong emotional component, and as such it was up to me as the teacher to 
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present an environment where individuals felt part of the class and the community 
beyond. 
 
As the study progressed it was noted that it is important to acknowledge individual 
differences in the way students engage with and elucidate the phenomena of science. 
The teacher should present curricular activities that are inclusive of all individuals, 
recognising differences in student interests and abilities. As the teacher I tried to be 
respectful of individual differences and model that respect by accommodating 
student individuality toward cognisant and behavioural engagement. The first step 
toward student inclusiveness in the study involved promoting class interaction by 
group activity. Science is easily adapted to group work, and in most cases there is a 
necessity to share resources. Physical participation in practical activity assured class 
interaction through an adolescent need to move around and explore the environment 
(Jablon & Van Sickle, 2003); the dynamic is not only physical but social and 
psychological. Initially group activity was reported as fun in focus group interviews 
 
 
Practicals and there really fun yeh...it all worked. (Erica, interview, 
19/05/05) 
 
 
It was not obvious that there was a conceptual understanding of science developing 
with every activity. Activities did however give the students a feeling of 
accomplishment and of competence “it all worked.” Students were having fun and 
participating in; engaging in the activities. Initially groups were self-allocating; most 
students affiliated with familiar students from their elementary schools or students 
that shared either cultural or sporting associations. Students that came from other 
regions tended to form alliances based on gender. This was a dynamic social 
environment, and group affinity was regulated by many factors; one factor was the 
feeling of relatedness. At the beginning of the study Kelly expressed that she felt 
unrelated to some members of the class and had formed a friendship with Melisa. 
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S- We [Kelly and Melisa] stay together because no one else likes us there are 
different groups. They think [Jasmins group] they are cool but they’re 
not. (Kelly, Interview, 17/05/05) 
 
With a more collaborative classroom environment evolving (within a month) there 
was evidence that Melisa was changing her attitude toward some individuals in the 
class 
 
They’re [Jasmins group] friendly now. At the start of the year me and Kelly thought 
Kirsty and June were really weird but they’re not that bad anymore. (Mellisa, 
interview, 17/06/05) 
 
Kelly’s further comment highlighted her view that group work could be difficult. She 
preferred to work in a smaller group  
 
I prefer a smaller group because a big group is harder.(Interview, 17/06/05) 
 
“Harder”, suggested a lesser sense of autonomy. Kelly may not have felt related to or 
competent within a larger reference group and thus less able to integrate scientific 
ideas with values of her own. Other students although positive about group work 
explained the difficulty associated with larger groups in the classroom 
 
Group work helps sometimes because you get to hear other people’s opinions, what’s 
bad you don’t always get to do everything, other people get to do stuff, they can stop 
you. Too many people and you can’t get it done…sometimes you may not hear the 
teacher and you want to learn. (Nels, interview, 26/05/05)  
 
Carissa further reported 
 
Group work its better than being alone because you may forget to do what you are 
meant to do [in science] it works… not help when somebody wants to do something 
and everyone else votes otherwise and they get stroppy and leave the group, but you 
need someone else to help there’s lots of squabbles and fights over who will do what. 
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(Carissa, interview 27/05/05) 
 
  
Nels and Carissa suggest group dynamics can contribute to a loss of autonomy when 
there are “too many people and you can’t get it done” or in a case when people 
become less related to the group and leave, creating a new dynamic “there’s lots of 
squabbles and fights over who will do what”. Student comments suggest the dynamic 
nature of group work is physically, socially and psychologically demanding. Students 
did realise and appreciate that sometimes bigger groups were necessary. When 
resources were limited, students were quite happy to join other groups, students 
appearing not to want to forgo the activity. It was further pointed out by Jasmin that 
competence could be enhanced by bringing the groups together to discuss ‘new 
ideas’. She suggested the groups should revert back to smaller groups where they 
may work more autonomously toward consolidating the idea.  
 
Stay in a big group when we find stuff, everyone should come over and discuss it; 
then we could split up again like we do in DT (Design and Technology). (Jasmin, 
interview, 30/05/05) 
 
Toward the end of the study Boyd reported that the groups within the class were not a 
cohesive unit outside of the classroom. (Boyd, interview, 08/08/05)   
 
Boyd- [ In the class] there’s like a few groups and no one ever mixes with anyone 
else, just there certain group.  
 
T- Even out in the playground you don’t mix? 
 
 Boyd- No.  
 
Regardless the students appeared to have developed into a more cohesive community 
within the classroom, as evidenced by Jasmin’s observation 
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At the beginning of the year everything was new and we were not used to the 
environment like we are now. We were holding back a little bit, being around new 
people. Everybody is getting used to each other and the environment that we are in, 
people are opening up a lot more; we know a lot more now. (Jasmin, interview, 
08/08/05) 
 
 
Jasmin implied that the broader class community had contributed to a sense of 
relatedness, “Everybody is getting used to each other”, and a sense of competence 
“we know a lot more now”. Although the classroom community was contributing to 
a feeling of competence student voice suggested some individuals needed further 
time and space away from the group to become cognisant of the concepts presented. 
It was often in individual consultation with me that concepts were clarified. Josh 
requested further clarification in relation to microwave ovens 
 
Josh- You know how you cook food in the microwave? 
T- Yep. 
Josh- Do potatoes and stuff have water in them? 
Nigel- [calling out] All vegetables have water in them!  
T- They do. 
Josh- Why do you have to put water in the bowl? 
T- You do, you have to put extra water in the bowl even though the potato is mostly 
water you need extra water to cook potatoes in the microwave? [class 
listens]  
Nigel- How come? 
T- I think the starch might dry out like the popcorn. You’re 60%-70% water, and 
potatoes are about 90% water but you’re right that’s a good question. 
(Video transcript 03/05/05) 
 
 
This is an example of the teacher making time for individual requests to help 
consolidate student conceptual development. Students needed both reassurance from 
the teacher and time to reflect on their developing conceptual understandings. 
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Kelly, in a focus group interview commented on her interpretation of the structure of 
atoms she stated  
 
In my world [atoms] are like this! [Drawing her interpretation] (Kelly, interview, 
17/06/05) 
 
 
“My world” suggested a personal investment in scientific understanding. However this 
personal understanding could be thwarted by exuberant class interaction during quizzes 
or shared classroom conclusions. Kelly further commented 
 
Some people yell out the answers so you don’t get to figure it out yourself. I want to 
learn it by myself ... We already know they know and you don’t and if you don’t figure 
out the rest of it you get bored. (Kelly, interview, 17/06/05) 
 
The statement suggested Kelly did not connect with the scientific understanding; she 
was not self-assured (competent) leading to a diminished interest to the point of 
disinterest. It appeared that cognitive detachment could precipitate emotional 
detachment. In this case Kelly felt excluded from the personal understanding; the 
opportunity “to learn it by myself.” 
 
The teaching journal reported student aberrant behaviour from time to time.  
 
Boyd stuffed it up by adding contaminants. (Teaching journal 13/06/05) 
 
Boyd deviated from classroom etiquette more than other students and was subject to 
occasional taunt from fellow students. One example was a light hearted jibe by 
another student during a teacher demonstration (preparing a copper sulphate 
solution), in respect to his behaviour with regard to class cohesiveness 
 
Can we feed the chemicals to Boyd? (Video transcript, 18/05/05) 
 
Another time I admonished Boyd, in this case in relation to a work book that needed 
replacement, more in a good humoured way rather than being disparaging 
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Boyd if you hadn’t used it to hit sticks with, stones with and people with you’d 
probably have it in one piece! (Video transcript, 17/05/05) 
 
 
I replaced the workbook knowing full well that students need to be reminded of their 
deviance, only very rarely were students excluded from the class. The teaching 
journal recorded Boyd being included as a helper in a demonstration to the class. 
The second part of the activity involved preparing the yeast solution. It was easier to 
get the class out the front and demonstrate (with Boyd to help) how the procedure 
was to be carried out. (Teaching journal, 18/05/05)  
 
 
In another instance Boyd was kept back at the end of the lesson but was given jobs to 
do rather than admonishment. The teaching journal relating my thoughts 
 
[I] kept back Boyd and Sven to help me put the yeast in the incubator and the copper 
sulphate in the fume cupboard. It is a good way of spending time with dissidents 
when they feel they can now contribute in a positive way. (Teaching journal, 
18/05/05)  
 
 
Boyd was given the opportunity to contribute to class understanding of scientific 
concepts, his explanation being elicited as a succinct summation  
 
T- Aha Hah, Boyd, say that again. (Video transcript, 26/06/05) 
 
 
Inclusivity was shown to be a very important part of maintaining a stable classroom 
culture. Nigel’s comment relating to being part of the class suggested a sense of 
belonging was an important component within the classroom environment 
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Fit in, if you are different you get paid out, [by] friends, teachers and the class. 
(Nigel, interview, 08/08/05) 
 
9.2.      Discussion 
It was important to consider the emotional orientations of the adolescent students by 
firstly having them doing something, participating in group activity which inherently 
involves social interaction. Students as individuals needed a sense of belonging to the 
community which in this study included not only social interaction but a sense of 
competence and autonomy; actively learning by slowly integrating new ideas (Ryan 
& Deci, 2000). The distinction between emotion and affective behaviour, according 
to Frederickson (2001) is that emotions unfold over relatively short time spans, for 
example, an individual’s assessment of some antecedent event conceptualised as fun, 
fear or interest. Affective behaviour on the other hand is considered a more general 
concept, more long-lasting and is said to be conceptualised as either negatively or 
positively activated; for example enjoyment is an affective behaviour that can lead to 
participation in activity (Ainley & Ainley, 2011).   
 
Social cohesion in the study enhanced student access to activities, by not only 
promoting physical and social interaction, but also supporting a sense of competence 
and autonomy that led to participation through enjoyment in learning; through 
‘discovery’.  
 
A more flexible balance fostering student learning could be reinforced by a consideration 
of individual motivational and affective factors; cognitive and metacognitive factors and 
developmental factors within the social framework of the classroom. Sustained student 
engagement in science according to Ainley and Ainley (2011) can be maintained if 
students feel a general sense of enjoyment and interest in learning science that has 
developed out of previous experiences, and if expectancies of further enjoyment in 
science experiences are anticipated. 
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9.2.1.     Personal reflection 
From a sociocultural perspective of science education, Tobin (2012) suggested that 
the individual and the collective are dialectically related. Both the individual and 
collective are reliant on a “dynamic structural flux”; an ecological perspective. It is 
the dynamic social environment, the classroom climate that is an important 
dimension in student affiliation, progressively demonstrated over the course of the 
intervention. A student reported changes to the social dynamic of the classroom 
“Everybody is getting used to each other”, inferring positive cognitive consequences 
for the class, “we know a lot more now”.  
 
Tobin (2012) further stated teaching of science is collective and central to productive 
learning environments; individuals not only act for themselves but also for the 
collective. Students’ as participants in the science classroom were afforded 
opportunities for speaking, listening and being reflexive about what was happening, 
in turn, they were expanding the agency of learning for others. A student commented 
“you get to hear other people’s opinions”. One student reported that demonstrations 
can be beneficial, if students are accorded a critical voice; “everyone should come 
over and discuss it”. As the students became social participants in science; they were 
more emotionally and behaviourally engaged, investing more time in science related 
enactments that included talking about science with their peers and me as their 
teacher (Olitsky & Milne, 2012). 
 
Positive emotional energy built from successful interactions and rituals within the 
classroom environment. Collective positive emotional experiences led to individual 
student confidence and competence (Ryan & Deci, 2000), extending behavioural and 
cognitive engagement in science (Ainley & Ainley, 2011; Fredricks et al., 2004).  
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Chapter 10:    Discussion and Conclusion 
10.1.     Introduction 
Student disengagement within the middle years of schooling was identified in 
Chapter 1 as a major concern and thus the focus of the study. An analysis of the 
perceived crisis of student engagement particularly in science, and especially in the 
middle years of schooling, was presented in Chapter 2. The literature review 
examined many explanations that have been provided, including that classrooms are 
overly reliant on transmissive pedagogy and decontextualised content 
(Carrington,2006; Goodrum, Hackling & Rennie, 2001; Hanrahan, 2003; Lemke, 
1990; Pendergast et al., 2005; Shamos, 1996; Symington & Tytler, 2003; Tytler, 
2007) contributing to a perceived irrelevance and disinterest in science education 
(Ainley & Ainley, 2011; Goodrum, Druhan & Abbs, 2011).  
 
In an attempt to reverse the perceived trend a teaching intervention was implemented 
predicated on the assumption that an effective instructional program needed to 
challenge the deficit view of adolescence (Prosser, 2006) and that early adolescent 
students are committed to learning if given an appropriate learning environment. The 
program included a specific set of approaches consistent with the learner-centred 
approach. As the study proceeded it became necessary to draw on further theoretical 
positions (Table. 2.3) that could elucidate and strengthen the understandings as the 
evidence unfolded.  
 
The scientific paradigm is premised on fundamental conceptual (theoretical) models 
to explain the material world. To explain the material world from the theoretical 
perspectives of particle theory, forces and energy (all abstract phenomena) would 
appear to be initially difficult for students to comprehend. Nevertheless, science as a 
way of explaining the material world does interest people, especially adolescents 
who are in a process of defining themselves as individuals in both a social and 
material context. Inescapably, defining oneself within any environment including the 
classroom is complex and dynamic, and is dependent on many influences (variables) 
that can change with circumstance.  
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As the teacher/researcher, I was prepared to challenge my existing approach to 
teaching of science in the middle years of schooling and work from a different 
paradigm, influenced by the middle school philosophy within a framework closely 
aligned with scientific literacy. The middle school philosophy emphasises adolescent 
development in learning and as such is a student-centred (learner-centred) approach. 
The learner-centred approach (McCombs, 2001) emphasises both cognitive and 
motivational factors and implies a more social orientation toward learning.  
 
Over a six month period I, as an experienced secondary-science teacher, designed, 
implemented and documented a range of pedagogical practices with a Year-7 
secondary science class to achieve the goal of engaging students in meaningful 
learning. Data generated from the case study included video recordings, journals, 
interviews and surveys of students. Setting an environment empathetic to adolescent 
needs and understandings helped students to actively explore phenomena 
collaboratively through developmentally appropriate experiences. My experience and 
the data generated by the study provided evidence that a more contextually relevant 
environment fostered practices that encouraged new learning. These practices 
contributed to building upon, re-affirming, or challenging both the students' prior 
learning and my pedagogical content knowledge.  
 
The study was visualised as a means of exemplifying student-centred approaches to 
adolescent learning in science by way of simple interpretation, assisting an 
enhancement of my ontological framework as a science teacher. Chapters 5-9 tried to 
illuminate a pragmatic perspective, what’s happening in the science classroom and 
described the teaching practices that influenced student participation and thus 
engagement in science.  
 
Chapter ten, attempts to elucidate a more theoretical understanding as an explanation, 
for “what cause and reason” adolescent students are more apt to be engaged in and 
thus participate in science, given a more student-centred approach. The chapter by 
way of explanation presents a model for designing teaching (Figure 10.1) as a 
prescription toward the enhancement of adolescent student engagement in my 
science classroom. The chapter presents the conclusions and draws implications from 
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the research. It is organised in three parts. The first part provides an overview of the 
study by synthesising an instructional framework that in the study achieved the 
desired goals. How the framework articulates with published research is explained. 
The second part of the chapter describes the contribution that the study makes to 
practice, curriculum development and policy and examines its alignment with 
contemporary policies. Finally, the chapter concludes with a self-study reflection on 
the implications for self-improvement and my professional growth. 
 
10.2.     The Instructional Model 
This chapter draws on the key findings reported in Chapters 5 to 9 and proposes 
through an explanatory model (Figure 10.1) an interpretation of adolescent 
engagement from which a series of recommendations for designing my science 
teaching practice are made. 
 
10.2.1.     Key findings 
The specific research aim of the study was to explore how a learner-centred 
approach within an adolescent science classroom enhances the educational 
environment leading to heightened student motivation and engagement.  
 
Chapter nine relies on data generated during the study to answer the research 
question 
 
 
In what ways do student-centred approaches to learning influence 
adolescent participation in a science classroom? 
 
 
The research question has been interpreted from two perspectives. The first 
perspective is a pragmatic perspective, to identify and describe what’s happening in 
the science classroom and describe the teaching practices that influenced student 
participation and thus engagement in the science (Chapters 5-9). This chapter 
represents the second perspective, an attempt to elucidate a more theoretical 
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understanding as an explanation, for ‘what cause and reason’ adolescent students are 
more apt to engage and thus participate in science. The summative goal of the study 
was to examine the experiences of young adolescents with the intent of transforming 
school learning at least of science into meaningful experiences that connected with 
their lives. The five student-centred propositions were strengthened by way of a 
description of practice ‘what’s happening’ and explanation of that practice for ‘what 
cause and reason’ from a constructivist position associated with middle years’ 
education and the acquisition of scientific literacy. 
 
The study built on the original ecological model of the classroom environment 
(Figure 2.1) bringing together two worlds, one the professional world of the teacher 
and the other, the world of the adolescent. The intersection of these worlds represents 
the ideal dynamic learning environment where shared experiences contribute to 
intellectual engagement and meaningful learning for both students and teacher. The 
intersection appears as a convex lens which metaphorically allows insights by both 
students and teacher into the world of the other. Figure 10.1 represents that 
metaphoric lens as a dynamic and interactive learning environment from which the 
following propositions strengthening adolescent participation in science emanate.     
 
The five propositions are as follows: 
 
1. Providing a classroom climate that encourages an interaction and actively 
engages students through developmentally appropriate conditions (taking 
an interest) and contexts (providing activities).   
2. Presenting challenging activities that require students to collaboratively 
explore a learning environment.  
3. Providing a variety of representations of scientific ideas and modes of 
presentation and assessment that develop deep and rigorous learning. 
4. Supporting students to find or develop connections through meaningful 
curricula aligned with their own experiences and 
5. Promoting a learning environment that is both inclusive and supportive of 
individual differences.  
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These five propositions above constitute the dimensions of an explanatory model for 
designing teaching that contributes to an effective learning environment for 
adolescent students (Figure 10.1).  
 
 
 
Figure 10.1 Explanatory model for designing teaching 
 
10.3.     The explanatory model 
This section discusses the main points of the expanded explanatory model, identifies 
the major supporting evidence and links the proposed components to the literature. 
The model represented by a pentagon (Figure 10.1) is an explanation of adolescent 
student engagement with science. The model evolved as an explanatory model for 
designing teaching from a student-centred perspective.  
 
The basis of the middle schooling paradigm is an underlying philosophy supporting 
learning environments that are drawn from the constructivist view (Carrington, 2003; 
Chadbourne, 2003). Middle school contexts are thought of as learner-centred with 
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emphasis on the social and cognitive aspects of adolescent development. Central to 
the model are five learner-centred factors that constitute the learner-centred 
environment, adapted from APA Task Force (1993), namely motivational factors, 
social factors, developmental factors, cognitive and meta-cognitive factors (Table 
2.3). These five factors became the basis of the model and are represented as 
segments of the pentagram (star). These five learner-centred factors are considered 
interactive as well as directly supporting each proposition.   
 
The model suggests that by working from within an interactive student-centred 
environment, certain pragmatic considerations, (see Chapters 5 to 9) were identified 
through the five propositions. The five supporting pragmatic considerations are as 
follows. The proposition related to the classroom climate is linked to a consideration 
that adolescent students enjoy hands on activities as a way of learning. The second 
consideration is that of situating student learning within the ZPD (Vygotsky, 
1931/1986); students will rise to a challenge (Chadbourne, 2003; Tytler, 2007; 
Vygotsky, 1986) provided that challenge is within or just beyond their current level 
of understanding. The third consideration is related to academic rigour (Bybee & 
Van Scotter, 2007; Carrington, 2006; Luke et al.  2003; Prosser et al., 2008) where 
students are prepared to engage in the rigour of the enquiry process provided the 
context is relevant to their learning. The fourth consideration links student 
understanding of the curriculum to their experience. The final pragmatic 
consideration is associated with inclusivity and individual difference in consideration 
of both the social and individual needs (Ryan & Deci, 2000).  
 
The outcomes of social competence, procedural knowledge and foundational 
knowledge (the three peripheral arcs) are supported by doing science, participating in 
“fun” activities (Ainley & Ainley, 2011; Bybee & Van Scotter, 2007; Fredrickson, 
2001). These activities initially helped to promote a social competence through a 
sense of belonging that enhanced a procedural knowledge “the thinking behind the 
doing” (Duggan & Gott, 2002, p. 664).  
 
Students developed awareness by reflecting on the enquiry process as a way of 
acquiring subject matter expertise (White & Frederiksen, 1998) through autonomous 
behaviour. It is the collaborative reflection that leads toward a foundational 
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knowledge through a sense of competence; experiencing in depth (Bybee & Van 
Scotter, 2007) the big ideas of science that are considered synonymously with core 
ideas (the curriculum) developing a scientific literacy and future learning (Shin et al., 
2009) the apex, the final outcome (Figure 10.1).  
 
The outcomes presented in the model support the acquisition of a scientific literacy 
(OECD, 2007).The provision of scientific contexts within a learner-centred 
environment, that are relevant to student lives within an interactive social 
environment presents opportunities for students to collaboratively develop a 
procedural knowledge, by reflecting on how they acquired, interpreted and acted 
upon scientific evidence. By building on procedural knowledge and with experience, 
a foundational knowledge is gained toward understanding phenomena from a 
scientific perspective.  
 
The boundary of the model (Figure 10.1) is deliberately blurred emphasising that 
learning environments are influenced by other factors outside the classroom and 
outside the scope of this study. Associated with the boundary of the model are two 
cognitive considerations. The first is perceptually grounded (Holbrook & 
Rannikmae, 2009; Klein, 2006) and intentional where students assimilate ideas 
through activity. The second is conceptual and reflexive, where through experience 
students are able to make sense of the phenomena that can add to transferable 
knowledge toward life-long learning. It should be emphasised that these scientific 
concepts are inevitably always under development (Brown, Collins & Duguid, 1989).    
 
Each of the following propositions will be described in terms of their characteristic 
features and the significance of the theoretical assumptions, explained by reference to 
extant literature utilised in building the model to answer the Research Question.  
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10.4.      Classroom Climate  
 
 
Figure 10.2 Representation of proposition 1 
 
The first proposition is represented by Figure 10.2 as a segment of the model (Figure 
10.1) and encapsulates the overarching proposition, in that the climate of a classroom 
should always be considered from the adolescent perspective as described in Chapter 
5. A quote captured a student response to the question; what subjects do you enjoy at 
school and why? 
 
 
Science, design and technology, drama, dance they’re fun we do 
stuff… we always get to do stuff in science. (Boyd, interview, 
16/05/05) 
 
 
Within the proposition an argument is developed from a student-centred perspective 
(McCombs, 2001), aligning Self Determination Theory (Ryan & Deci, 2000) with 
theories of engagement (Fredricks et al., 2004). The classroom structure was 
explicitly sequenced in a scaffold that provided a degree of freedom to investigate 
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scientific ideas, guided by the dynamics of interaction between the teacher and 
individuals and groups (SCOPS Figure 5.1).  
 
The key to developing a positive classroom climate was activity appropriate to the 
developmental level of the students, depicted in the base segment of the central 
pentagon (Figure 10.1). The development of a positive social climate was enhanced 
by two factors, developmental and social within the student-centred environment. 
Developmentally, by considering adolescent cognitive ability is a time of change in 
thinking from the concrete toward the abstract (Piaget, 1966; Vygotsky, 1931/1986). 
Adolescence is a time of development where students may be more comfortable 
initially actively exploring phenomena before scientific explanations are attempted 
(Jablon & Van Sickle, 2003).  
 
From a motivational perspective socialisation is an essential condition for learning; 
doing science by participating in “fun” activities (Ainley & Ainley, 2011; Bybee & 
Van Scotter, 2007; Fredrickson, 2001) can help broaden and build student “thought–
action repertoires” (Fredrickson, 2001, p. 9). It is important that “early experiences 
with science should maintain a sense of fun and excitement” (Ainley & Ainley, 2011, 
p. 11). Initially the activities should have short term goals to maintain interest 
(Palmer, 2004; Jablon & Van Sickle, 2003). Practical activities help promote a social 
competence through a sense of belonging; belonging becoming the “hook” toward 
early student engagement in science. The strategy of scaffolding lessons facilitates 
organisation by clearly defining expectations and influences student engagement by 
providing ongoing assistance and support and at the same time guiding social 
interaction (Stone, 1998).  
 
It appears that in the study the intrinsic motivational factors of belonging, autonomy 
and a sense of competence (Ryan & Deci, 2000) can be strengthened by social 
interaction associated with a classroom environment that recognises approaches that 
promote emotional, behavioural and cognitive engagement (Fredricks et al. 2004). 
Scaffolding approaches that included “fun” extended activity led to participation and 
persistence (Helm & Clarke 2001) that enhanced a sense of competence through 
inclusiveness. This promoted dialogue as a means of eliciting cognitive engagement, 
described by Helme and Clarke (2001) as “the deliberate task-specific thinking that a 
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student undertakes while participating in a classroom activity” (p. 136). Students had 
time to investigate scientific phenomenon, independently negotiating their ideas with 
the help of meta-cognitive approaches that incorporate collaboration between 
students and the teacher. This helped explain the student’s own results, and the reason 
they participated in the activity.  
 
It is the early experiences of science that incorporate practical activity that are both 
positive and engaging for students. The exploration of phenomenon before specific 
scientific concepts were introduced enabled the students to develop an awareness of 
the scientific inquiry process as active participants, sharing their experiences and 
developing a competence toward an appreciation of how science works (Jablon & 
Van Sickle, 2003; Shwartz et al., 2008; White & Frederiksen, 1998). The students 
perceived a learning environment that demonstrated a climate of mutual respect. The 
students’ were comfortable discussing their newly developing ideas with their peers 
through student negotiation and critical voice as a way of reflecting on their 
developing scientific understandings (Taylor, Dawson, & Fraser, 1995).  
 
Provided the strategy of scaffolding is close enough to student understanding (Stone, 
1998) a positive classroom climate, the “psychological environment” (Ames, 1992) 
can be enhanced, facilitating contexts that are supportive of student natural activity 
(McCombs, 2001; Ryan & Deci, 2000).  
 
Practical considerations of this proposition for my teaching of adolescent students 
included: 
 
• The provision of explicit scaffolds that encourage student interaction through 
hands on activity. 
• Activities should provide extended time for the students and the teacher to 
corroborate and reflect on the outcomes of the activity.  
• Short term goals are more practical. 
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10.5.     Challenge 
 
 
Figure 10.3 Representation of proposition 2 
 
The second proposition represented by Figure 10.3 alluded to a middle schooling 
idea that students should be challenged within their Zone of Proximal Development, 
ZPD (Vygotsky, 1931/1986) as a way of making sense of what they are doing (Figure 
10.3). Within the learner-centred environment challenge is related to the cognitive 
demands of the task and the developmental level of the student. These “Millennial” 
adolescents are optimistic (Bahr & Pendergast, 2006) and have a desire to succeed 
(Prosser et al., 2008) and are up for the challenge. A student quote captured during 
the study suggested that I as the teacher must provide that challenge 
     
 
You [the teacher] need to ask good questions and ask what we  
 don’t know! (Kelly, interview, 17/05/05) 
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The theme of this proposition is based on the observation that student learning can 
proceed provided challenges resonate (Eccles et al., 1993) within or are marginally 
beyond student experience (Pintrich, 2003; Stuessy, 2001; Vygotsky, 1931/1986). 
The development of student learning depends on taking students beyond making 
inferences based on intuitive understandings toward promoting the idea of 
hypothesis, the idea of possibility (de Bono, 1994) where students challenge 
themselves to think from a scientific perspective; through a scientific lens. Students 
have to construct their own particular view of scientific ideas that can be slowly 
aligned to scientific theory (Shwartz et al., 2008) with help from the classroom 
community. An example is provided in Chapter 6 which elucidates the effect on 
student diminished motivation and cognitive engagement when an exercise is outside 
the student Zone of Proximal Development (ZPD).   
 
Adolescent students do not initially possess explicit transferable knowledge 
(Jonassen, Mayes & McAleese, 1993). Vygotsky (1931/1986) proposed that 
cognitive development is mediated by social participation; students presented with 
opportunities that incorporate social interaction are more liable to be developing 
social competence and confidence toward accepting challenges presented. Short term 
activities that challenge students to record measurements, tabulate data, reflect and 
elaborate collaboratively using their prior experience, contributed to the 
enhancement of developing forward thinking “transferable learning” (Tytler, 2007). 
Activities that were outside the communal ZPD were challenging both to the students 
and the teacher. 
 
Developmentally responsive contexts (Pendergast et al., 2005) as short term 
challenges can act as stressors and within positive social contexts may help build on 
the adolescent repertoire of cognitive and interpersonal skills (San Antonio, 2006). 
 
Practical considerations of this proposition for my teaching of adolescent students 
included: 
 
• Provide challenging tasks that include student predictions of outcomes.  
• Scaffolds should incorporate discussion prior to an activity and time for 
reflection on the outcomes after the activity. 
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• The incorporation of recording measurements into activities enables students 
to become more adept in the process of science and helps them validate their 
scientific inferences. 
 
10.6.     Academic Rigour 
 
 
Figure 10.4 Representation of proposition 3 
 
The middle schooling paradigm emphasises the need for pedagogy to consider 
academic rigour as a component of cognitive reform (Luke et al., 2003; Carrington, 
2006; Lincoln, 2010; Pendergast et al., 2007; Prosser et al., 2008). Figure 10.4 above 
highlights that within the student-centred environment (SCE) model (Figure 10.1) 
academic rigour is seen as a function of both cognitive and meta-cognitive factors 
and cites context as the mechanism enhancing academic rigour.  
 
This third proposition argues academic rigour supports the idea of content giving 
meaning to context (Tytler, 2007; Holbrook & Rannikmae, 2009). Students build 
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coherent models (Merritt, Krajcik & Shwartz, 2008; White & Frederiksen 1998; Stuessy 
2001) of scientific ideas by consensus if they are provided with appropriate 
challenges within a positive classroom community (Lave & Wenger, 1991). Learning 
can be enhanced within specific contexts that employ explicit scaffolds to both 
clarify the activities and provide a structure that helps students stay on task (Van Der 
Stuyf, 2002).  
 
Academic rigour is strengthened by conveying clear expectations and scaffolding 
activities that build on student prior experiences and understandings. Chapter 7 
provided an example, the activity “cloud in a bottle” helped clarify student 
understanding of changes of state, initially capturing student interest with the 
unexpected observable outcome. The explanation of the activity was aided by 
discussion using diagrams, analogy and revisiting previous representations, both 
theoretical and practical, toward building a conceptual model.  
 
The activity highlighted that multiple representations can help strengthen the 
development of student conceptual models by supporting student perceptual 
understandings, through scaffolds that build on scientific ideas. Scientific models 
were strengthened by student participation in the process of scientific understanding 
(Bybee & Van Scotter, 2006; Duggan & Gott, 2002) within a familiar environment 
where they also re-visited previous experiences as a way of incorporating new 
understandings over time and worked these understandings into their own narratives. 
The conceptualisation of the model was enhanced by meta-cognitive practices, “the 
thinking behind the doing” (Duggan & Gott, 2002, p. 664) and the associated talking 
about that thinking (McGuiness, 2005). A student quote summarised her feeling 
about one scientific idea considered during the intervention  
 
  
You drilled that into our head. (Jasmin, interview, 08/06/05) 
 
 
Students’ first experiencing and then being helped to perceive a commonality of 
specific principles in different contexts (multiple representations), strengthened the 
development of student conceptual models and a transference of these models to new 
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situations. Enhancement of academic rigour (Lincoln, 2010) was promoted by a 
balance between teacher-centred and student-centred learning whereby a positive 
classroom climate became the conduit for a subtle insistence and persistence by the 
teacher, through explicit scaffolds and iterative practices that contributed toward 
‘scientific discovery’.   
 
Practical considerations of this proposition for my teaching of adolescent students 
included: 
 
• The incorporation of student thoughts through class discussion about their 
experiences (students thinking about their own thinking) 
• By enacting the scientific process students incorporate through the rigour of 
science, scientific ideas into their narratives. 
• Students should be confronted with activities that require interpretation and 
re-presentation of data (extended to think of scientific ideas on different 
conceptual levels). 
• Opportunities should be created through corroborative activity and 
assessment to integrate scientific ideas.   
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10.7.     Meaningful Curriculum 
 
 
Figure 10.5 Representation of proposition 4 
 
The fourth proposition represented by Figure 10.5, is argued from a broader 
curricular perspective “meaningful curriculum”. Student voice succinctly states one 
difficulty with scientific understanding is that if it is not situated in student 
experience it is difficult to perceive. One student commented 
 
 
We want to learn stuff about the environment; we actually get to see it rather 
than writing it down and [instead of] imagining it. (Nels, interview, 26/05/05) 
 
 
To be meaningful toward learning, the curriculum tried to support the development 
of student understanding by helping them make connections between their perceptual 
understandings, their experiences and the scientific conceptual models presented 
(Klein, 2006).  
 195 
Two factors were identified from within the SCE that were synergistic in creating a 
curriculum that engages students in scientific understanding; those factors were 
motivation and meta-cognition. From a motivational perspective, varying contexts 
and teaching approaches, and offering personal choices within lessons and assigned 
work enhanced meta-cognitive components that supported students to engage in 
thinking about science.  
 
The curricular approaches that were most promising toward engagement with science 
understanding comprised three components. Firstly by presenting contextually 
relevant experiences students were more able to identify what was critical to their 
learning (knowledge of). Secondly through exploration and data collection students 
became familiar as to how the science process works (knowledge through) and 
thirdly, open-ended experiences (McGuinness, 2005) challenged students to reflect 
on previous understandings; a synthesis of why is it so (reflexive knowledge)? When 
these approaches were in place the students were able to distil what they observed 
and how and why the phenomenon occurred, based on negotiated perceptions of their 
shared practical experience.  
 
Data were generated by student observation and measurement, then interpreted and 
transformed into scientific models. As students became part of the process, the 
process was incorporated into their own narrative. As part of the narrative, topics 
were merged and ideas were re-visited to help students explore science, as a means of 
expanding the content by deepening the treatment (Confrey & Lachance, 2000). A 
curricular format was presented that was identified by coherence, whereby 
developing scientific understandings were integrated within a few key ideas that 
were synonymous with the big ideas of science (Shin et al., 2009). 
 
Viewing the model (Figure 10.1), experience in science is seen to be enhanced by 
activity that promotes a social competence as the students are challenged by the 
rigour of practice. A procedural knowledge developed concurrently with a 
foundational knowledge, was based on the unifying concepts of science; the big ideas 
of matter, energy and forces. This is in essence is the curriculum.  
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Practical considerations of this proposition for my teaching of adolescent students 
included: 
 
• Present activities to students that are within their contemporary experience 
• Structure assessment and activities where data collected is transferable to 
broader scientific applications. 
• Challenge the students to reflect on their understandings through assessment 
that informs their scientific understanding; adding to understanding, not 
added on.   
 
10.8.     Individual Difference 
 
Figure 10.6 Representation of proposition 5 
 
The fifth proposition represented by Figure 10.6 is by way of an overview of the 
intervention related back to the first proposal. The proposal asserts that the needs of 
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all individuals must be considered if a cohesive student-centred environment is to be 
maintained. A student quote was poignant  
  
 
Fit in if you are different you get paid out, [by] friends, teachers and the  
 class. (Nigel, Interview, 08/08/05) 
 
 
As predicated by Self Determination Theory (Ryan & Deci, 2000), students 
expressed recognition that social cohesiveness is not assured but can be encouraged 
by the teacher to feel included both socially and cognitively. The students came to 
realise that participating in autonomous group dynamics of the classroom could help 
inform their learning and that structures associated with the challenge and rigour of 
the scientific process (specific scaffolds that afford extended time on task and time to 
communicate) can contribute to cognisance. Conversely if students do not feel self-
assured of their scientific understandings confidence could be undermined, and 
cognitive engagement could diminish to the point of disinterest. It appeared that 
cognitive detachment could pre-empt emotional detachment and thus disengagement 
with science.   
 
Practical considerations of this proposition for my teaching of adolescent students 
included: 
 
• Plan activities that have a social component, for example walks to places of 
interest 
• Activities that start with the class group and then move to smaller group work 
are more inclusive (demonstrations.) Plan activities that are inclusive of the 
group for example, discussions, debates and community based activity.  
• Do not isolate dissident students for long; find a way of including them and 
making them feel useful. 
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10.8.1.     In Summary  
From an ecological perspective learning is suggested to be systemic, generative and 
emergent; a complex interaction of the students, the teacher and the context (Figure 
2.1). 
 
The data evidenced an evolution of a more systemic curricular structure and 
associated pedagogical strategies as the student-centred instructional program (Figure 
4.1) was implemented. As the case study was undertaken in a naturalistic setting, 
data collection was designed to bring out the experiences of engaging with science 
from the viewpoint of the adolescent participants.  Thus multiple sources of data 
enabled the construction of a narrative describing the complexity of the learning 
environment and the generation of adolescent students’ engagement in science and 
the proceeding emergent cognitive growth. The study gave voice to the students. 
 
The sources of data included the CLES instrument, which intimated student 
perceptions of being able, through critical voice, to participate in class discourse as a 
way of enhancing their learning. The SCOPS instrument graphically depicted the 
evolving student-centred classroom environment and the development of a learning 
scaffold (ritual) where the students’ felt comfortable with their learning. The teaching 
journal documented teaching strategies presented as a means of elucidating what 
worked. Focus group interview transcripts articulated student thought about their 
learning, and the strategies implemented to enhance their learning in science. Student 
artefacts documented evidence of the emergence of student learning. 
 
As the students’ became social participants in the classroom, the data identified them 
to be more emotionally and behaviourally engaged with science, investing more time 
in science related enactments. Student scientific thinking was changing from 
observation, making simple descriptive statements about natural phenomena, to 
being prepared to make scientific inferences. 
 
The theoretical framework (Chapter 2) proposed, that the predisposing conditions 
that underlie contemporary adolescent learning and science education are from the 
constructivist epistemology, emphasising student-centred learning. The student-
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centred conditions, (Table 2.3) prescribe activities that are associated with 
motivational and affective factors; developmental and social factors; cognitive and 
met-cognitive processes and individual difference factors. Chapters 5-9 describe in 
detail how the curriculum and teaching strategies prescribed by the learning program 
(Table 4.1) were implemented. 
 
The data suggested from a motivational and affective perspective that a positively 
valanced classroom climate was being established, contributing to a collective 
emotional engagement, a “shared mood” (Olitsky & Milne, 2012), where students’ 
were willing to invest time and energy engaging in activities, both behaviourally and 
cognitively. The “shared mood” was created within the ritualistic process depicted by 
the SCOPS scaffolds display a balanced learning environment student-centred and 
teacher-centred practice. 
 
From a developmental and social perspective, both novel experiences and the 
concept of hypothesis became legitimate challenges to student negotiation of their 
scientific understandings, provided they were in the student ZPD. Scientific 
understandings were not considered definitive initially, but developmentally 
appropriate for these secondary students (Lederman & Lederman, 2012). 
 
The curricular structure and pedagogical strategies, from a cognitive and met-
cognitive perspective become less subject to a compartmentalised model of science. 
The instructional program (Figure 4.1) offered more exploratory tasks with 
assignments embedded as a means of thinking about scientific concepts in different 
contexts, as a means of deepening the exploration of fewer scientific concepts 
(Vosniadou, 2012). Learning scaffolds were devised to provide a forum for rigourous 
contemplation of scientific ideas. 
 
Individual difference factors were seen from the sociocultural perspective where the 
individual and the collective are dialectically related (Tobin, 2012). Student’s as 
participants in the science classroom were afforded opportunities for speaking, 
listening and being reflexive about what was happening, in turn, they were expanding 
the agency of learning for others. 
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10.9.     Implications of the Study 
The model presented was an interpretation of how a less prescriptive instructional 
framework informed by learner-centred theory (McCombs, 2001) contributed to 
student engagement and thus an understanding of scientific ideas. Within the model 
elements of the dynamic classroom environment have been identified that need 
consideration holistically as interactive mechanisms in individual lessons or over the 
course of the curriculum. It is the consideration of the elements identified within the 
model that could contribute to strengthening the possibility of student engagement in 
science in the middle years.  
 
10.9.1.     Contributions for classroom practice   
The contribution to classroom practice began with my changing awareness as a 
teacher looking from another perspective; instead of managing the classroom as a 
linear progression, I began by viewing the classroom as a dynamic environment 
within a learner-centred framework. This proposed view suggested that learning is 
systemic, generative and emergent through a complex educational process involving 
an interaction of people and contexts. Complex models of education do not assume 
knowledge and understanding exist as pre-existing objects, but rather emerge through 
the educational process (Gough, 2011; Klein, 2006). I proposed that by viewing the 
classroom from an ecological (holistic) perspective, I was more able to visualise the 
dynamism and complexity of participant interaction in the learning environment. 
Activity is synonymous with of the constructivist epistemology of learning where 
students are thought to adapt and change as they learn. Instead of bringing science to 
the students I endeavoured to bring the students to science.  
 
Through explicitly scaffolding socially and developmentally appropriate activities I 
was more able to facilitate a classroom psychological environment (Ames, 1992) 
where students were able to explore scientific phenomenon and feel comfortable 
through expressed opinions, and making intuitive predictions based initially on their 
experience. Challenging students to the possibility of scientific explanation is more 
liable to resonate through collective experience. Placing students at the centre of the 
scientific process and giving them opportunities of doing and reasoning about 
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scientific phenomenon (Duggan & Gott, 2002; White & Frederiksen, 1998) is 
effective. Students are more apt to learn how scientific ideas are generated by 
establishing foundational scientific ideas (Shin et al.,2009) that can be built on and 
expanded into unifying concepts (Bybee & Van Scotter, 2007) if they are part of the 
process.  
 
It was found to be  important to promote scientific ideas to students as a holistic 
enterprise, through collaborative experiences including assessments that are 
contextually relevant (knowledge of), explorative (knowledge through) and more 
open ended (reflexive knowledge) as a way of becoming more connected with their 
world.  
 
Paradoxically, cognisance is an individual accomplishment, and individual 
conceptualisation can be aided by group contextualisation. Cognitive competence can 
be strengthened in an environment that complements a group ethos. It is up to the 
teacher to provide a learning environment that encourages the individual to feel 
competent and thus comfortable within the class grouping. Loss of competence can 
lead to cognitive detachment and thus disengagement with learning.  
 
10.9.2.     The relationship of the proposed model to other instructional models 
The model presented is a theoretical framework for an instructional model. This 
conceptual model for designing teaching appears on two levels, one a cognitive level 
and the other in recognition of a more motivational and affective level, all within a 
sociocultural framework (Lemke, 2000). However it is not a specific instructional 
model in that it gives clues toward classroom practice and only alludes to specific 
strategies.  
 
The model does share fundamental elements with two other instructional models, the 
BSCS 5E instructional model (Bybee et al., 2006) and “Learning Progressions” 
model proposed by Merritt, Krajcik & Shwartz, (2008). Both these models are more 
cognitively based with the 5Es model consistent with Piagetian theory (Bybee et al., 
2006). The model presented in this thesis is more in line with Vygotskian socio-
cultural theory (1931/1986). Commonalities between the model presented in this 
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study and the 5Es are that both recognise that learning is dynamic and both 
emphasise that initially the teacher sets the rules and that students’ start from a hands 
on approach. As students become used to the environment both models advocate 
stepping back and the teacher becoming more of a facilitator in activity. Both models 
also recognise that learning takes time and experiences are better extended.  
 
The differences are that the model presented in this study is always thought through 
from a student-centred perspective, whereas the 5E model sees the teacher ask 
students to give their explanations first, from their prior knowledge. The present 
model develops a scientific explanation through collaboration, firstly challenging the 
students through the rigour of scientific process and then employing a more 
metacognitive approach to collaboratively work through the outcomes presented. The 
model also shares a common premise with the “Learning Progressions” model 
(Merritt, Krajcik & Shwartz, 2008), in that learning should not be characterised as 
linear related to the development of big ideas (Shin et al., 2009). The study model is 
more holistic in that the class may revisit concepts within familiar and less familiar 
contexts that are articulated by the teacher, and can be further applied over extended 
time rather than confined in a specific time framework. 
 
10.9.3.     Alignment of proposed model and contemporary curricula 
The study may be considered timely given the relevance to the Australian National 
Curriculum: Science (ACARA, 2009), with a focus on adolescent science students, 
especially year seven students, and the pedagogical considerations informing 
curricular development at that stage. The study model aligns with the “future 
orientated” perspectives outlined in the paper “The Shape of the Australian 
Curriculum: Science” (ACARA, 2009). The study was designed to pique an 
“intrinsic curiosity” in science, as a way of encouraging adolescent students to 
engage with science, and enable them to “make personal decisions from a scientific 
view of the world”. The structure of the curriculum was organised with a less 
crowded approach, emphasising the big ideas of science, within a framework of 
science literacy as “Science Understanding”; “Science Inquiry”; and “Science as a 
Human Endeavour”.  
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The objective of the curriculum presented in the study was to “explain phenomena” 
from a scientific perspective, focusing on building scientific understanding slowly by 
the acquisition of scientific skills over time. Considerations within the curriculum 
included an emphasis on community contexts where appropriate, flexibility and 
choice within assessment, and group discussion related to all experiences that were 
presented as challenges to the students. Intellectual rigour was promoted by the class 
collaboratively re-working specific science ideas in varied contexts as a way of 
affording both group contextualisation of scientific ideas and promoting social 
competence; helping individual conceptualisation. Assessment was amalgamated 
within the curriculum with the more formative view of adolescents’ progressively 
developing scientific ideas as a way realising their place in their world. 
 
10.10.     Limitations of the study  
The case study attempted to describe and explain the dynamism and complexity of an 
adolescent science class from a student-centred perspective. The objective was to 
develop a sufficiently operational set of measures (Burns, 2000) that would capture a 
behavioural response to the Gestalt of the classroom. Although there was a specific 
interpretive framework in place, problems could have arisen, in that important data 
may have been overlooked either in my observations, and/or my interpretations of 
that data. Data may have been similarly missed in focus group interviews, where 
students may have been unwilling to present all information. Another impact could 
be associated with the “Hawthorn Effect”, my expectations could reflect on student 
engagement. 
 
The case study focused on the circumstantial uniqueness (Burns, 2000) of an 
adolescent science classroom and as such the theoretical propositions presented as 
student-centred practices are specific to the case presented. Case study methodology 
permitted the investigation to retain a holistic overview, reflecting on my own 
practice as a way of informing my future teaching practice. The study may prove 
generalisable to the wider science education community. 
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10.10.1.     Future directions 
In this study students have been portrayed as enthusiastic learners if given an 
environment that complements their competencies. A renewed interest in adolescent 
learning (Carrington, 2006) and the acknowledgment that the “millennial generation” 
are competent and capable learners (Bahr & Pendergast, 2006; Prosser et al., 2008) 
necessitates new research into what may be considered the new needs of adolescents.  
 
Future research could also explore a continuity of student-centred teaching with 
longitudinal research, following teachers, classes and individual students over 
extended timelines. Further research could also incorporate more student voice, 
probing the expectancies of adolescents in science and trying to align student 
asperations with the science curriculum.  
 
10.10.2.      Implications for research 
The findings of the research have implications for teacher professional development. 
Primarily this study reflected on the necessity for teachers to consider the classroom 
environment as a complex interactive community that is as much social as cognitive. 
It was further suggested that a motivational component stimulated student 
engagement in cognisance. From a macro perspective, there was support for a need 
for substantial content knowledge, and a clear understanding of the central tenants of 
science and science literacy on the part of the teacher. The study acknowledged that 
engagement in learning is enabled where students interact with their peers and the 
teacher in contexts that have relevance in some way to themselves. Finally the study 
identified that learning in science can be enhanced in classroom environments that 
encourage students to be challenged as social actors through the rigour of the 
scientific process to discover how they fit in the world.  
 
10.11.     Concluding comments 
Returning to the environmental metaphor; complexity, dynamism, change and 
adaptation to change are the hallmarks of living systems. We are all aware of 
changes, both predicted and taking place today in all environments including the 
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classroom environment. Change is inevitable and adolescent students surrounded by 
change are more adept with some facets of the changing environment especially in 
relation to issues of communication.  
 
Student communication was demonstrated to be essential, participation in activity 
and dialogue proved to be two predisposing conditions that led to a student scientific 
understanding based on negotiated perceptions of shared experiences of science. The 
study also evidenced that student understanding of, and explanation of scientific 
ideas is a process of slow and individual evolution and as such adolescents should 
not be rushed through the curriculum.  
 
As the study evolved I was more prepared to re-think my position, I became more 
attuned to the dynamism and complexity of the learning environment and empathetic 
to an understanding of adolescence. As the teacher I needed to adapt, and present a 
classroom environment that was more amenable to engaging these students with their 
learning. 
 
The intervention in retrospect developed as a narrative with a pragmatic approach to 
learning; I endeavoured to present the students with a more holistic view of scientific 
thinking within a complex living system (Schuh, 2004). Where possible I blended 
themes discursively, attempting to engage these adolescent students in activities that 
precipitated the development of a core scientific literacy (Hill & Russell, 1999; 
Tytler, 2007).  
 
10.12.     Outcomes 
The study has contributed toward the enhancement of the educational environment 
within an adolescent science class, augmenting a further understanding of both the 
cognitive and social development of adolescents within that student-centred episode; 
the impetuous was to engage and motivate adolescent science students. To confirm 
and validate practice it was imperative to empirically test both the cognitive and 
social development of the students. The results provide data that can be utilised to 
further expand generalisable theory that could be tested in other classroom 
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environments. The document is essentially an explanatory model of learner-centred 
practice.  
 
From a student-centred perspective (McCombs, 1997; Schuh, 2004) the model 
highlighted the five propositions that are supported by specific pragmatic 
considerations (activity, challenge, rigour, experience and student needs). The five 
propositions are in response to student motivational needs; they offer a balance 
between personal and social considerations (Ryan & Deci, 2001) that are aimed at 
furthering engagement in cognition by presenting activities that are both rigorous 
(Bybee &Van Scotter, 2007; Carrington, 2006; Luke et al.  2003; Prosser et al., 
2008) and challenging (Chadbourne, 2003; Tytler, 2007; Vygotski, 1931/1986). The 
activities presented became in most part opportunities to build on student experience 
through iterative practice and collaborative reflection, predicated on outcomes that 
are synonymous with the enhancement of scientific literacy (OECD, 2007).  
 
10.13.     Reflections  
Adolescence in some circumstances has been portrayed as a unified life stage from a 
deficit view (Carrington, 2006). This deficit view of adolescence according to 
Stevens et al., (2007) and Bahr and Pendergast, (2006) is associated with socially 
constructed world views as either hormonal (psychological), unfinished (biomedical), 
oppressed (critical) or unruly (postmodern). 
 
Beane (1991) as far back as 1991 recognised adolescents as “young people” and 
advised against seeing them as “victims of a developmental stage, rather view 
adolescents as real human beings who, while at that stage, are also participants in the 
larger world and have serious questions and concerns about both” (p. 10).  
 
Ten years ago the report “Beyond the Middle” (Luke et al., 2003) concluded that, 
overall the middle years remained subject-centric with low levels of pedagogy and 
low stakes assessment (Carrington 2003) and  that reforms did not match interest in 
student-centred pedagogy or the needs of the “Millennial generation” (Bahr & 
Pendergast, 2006; Prosser et al., 2008) . 
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I was never comfortable visualising any student as deficit (although there were times 
when I could avoid teaching year seven and chose to do so). My initial understanding 
of the middle years of schooling was however influenced by my perception that there 
was a mismatch between student needs and school structures that contributed to 
generating student alienation (Prosser et al., 2008).  
 
It seemed to me that the concept of adolescence is under review and the deficit view 
of adolescents is being de-constructed in light of what was described as the 
“Millenial Generation” (Bahr & Pendergast, 2006; Stevens et al., 2007). As a teacher 
I felt obliged to consider more appropriate pedagogical approaches that may be 
closer to a new paradigm associated with adolescence, and placing more emphasis on 
the promotion of lifelong learning. Bahr and Pendergast (2007) recognise today’s 
adolescents as having traits that suggest a “positive valency”. As educators we may 
not need to assist students to develop positive identities as learners but help sustain 
both cognition and affect by presenting activities within learner-centred contexts that 
challenge them through academic rigour toward success (Prosser et al., 2008); 
supporting McCombs (2001) contention that all students do learn. 
 
The study has enabled me to step back and identify sentient moments in my teaching 
practice and then reflect from the perspective of experience and contemporary theory 
as to why the students and I reacted to specific circumstances. Analysis of data 
contributed toward my understanding of how I constructed my repertoire of 
pedagogical approaches to teaching and how these approaches contributed toward 
student engagement and understanding in science, or conversely contributed to 
student disengagement with science.  
 
The optimum consideration toward adolescent student engagement in science 
appeared to be teacher flexibility. Primarily by appreciating the dynamism and 
complexity of the classroom I attempted to provide a more appropriate environment 
that considered both cognitive and motivational needs of the students. Nevertheless, 
a deep and rigorous understanding of science on the part of the teacher is a 
paramount consideration.  
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The study could contribute to adolescent student engagement in science, by 
providing a window through which teachers may reflect and be challenged to think 
about how they may construct their own repertoire of pedagogical strategies in 
consideration of adolescent development and engagement in science; concurrently 
strengthening their epistemological and ontological framework as science teachers.  
 
From the teaching perspective this was a deeply satisfying method of engaging 
students in the content of the curriculum. Students came to class enthusiastically with 
expectations of learning through activities that were more contextually relevant. Both 
teacher and student participation was stimulated by fostering meta-cognitive 
practices that encouraged new learning through open dialogue, multi-modal 
representations and assessments that contributed to building upon, re-affirming, or 
challenging both the students’ prior learning and my pedagogical content knowledge.  
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Appendix 3 
 
Coding of student centred strategies levels of reception and direction (R&D) 
and levels of participation and initiative (P&I). 
  
R&D/P&I Instructional Strategy 
5/1 Individual students listen to the teacher; direct instruction 
model 
4/2 Individual students in whole group 
respond orally to the teacher’s questions 
3/3 Students in pairs or small groups talk 
and/or work together; guided inquiry with higher 
levels of teacher direction 
2/4 Students work on different assigned tasks, loosely supervised by the teacher 
1/5 Students in pairs or small groups discuss, formulate and implement plans 
0/6 Individual students carry out plans independently with minimal teacher 
input. 
(Stuessy, 2002). 
Coding levels of complexity in student actions 
 
Level Actions of students in Receiving and Performing 
1 Listen to, observe, manipulate, count, record, measure. 
 
2 Identify, give examples, explain, describe, clarify, calculate, collect information. 
3 Organize, compare, group, sort, classify, recognise patterns. 
 
4 Choose, decide, differentiate, arrange into patterns.  
5  Relate, infer, predict, plan, make analogies, hypothesise. 
 
6 Evaluate, summarize, conclude, design, model. 
 
(Stuessy, 2002). 
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